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ABSTRACT 

We present a comparison of star formation rates (SFR) determined from 
mid-infrared 7.7 /im PAH luminosity [SFR(PAH)], from 1.4 GHz radio lumi- 
nosity [SFR(radio)], and from far ultraviolet luminosity [SFR(UV)] for a sample 
of 287 starburst galaxies with z < 0.5 having Spitzer IRS observations. The 
previously adopted relation log [SFR(PAH)] = log [i/L„(7.7 /an)] - 42.57±0.2, 
for SFR in M yr _1 and v~L v (7 .7 /im) the luminosity at the peak of the 7.7 
/jm PAH feature in ergs s -1 , is found to agree with SFR(radio). Compar- 
ing with SFR(UV) determined independently from ultraviolet observations of 
the same sources with the GALEX mission (not corrected for dust extinction), 
the median log [SFR(PAH)/SFR(UV)] = 1.67, indicating that only 2% of the 
ultraviolet continuum typically escapes extinction by dust within a starburst. 
This ratio SFR(PAH)/SFR(UV) depends on infrared luminosity, with form log 
[SFR(PAH)/SFR(UV)] = (0.53±0.05)log [i/L„(7.7 /im)] - 21.5±0.18, indicat- 
ing that more luminous starbursts are also dustier. Using our adopted rela- 
tion between vL v (7.7 /tm) and L ir , this becomes log [SFR(PAH)/SFR(UV)] = 
(0.53±0.05)log L ir - 4.11±0.18, for L ir in L . Only Blue Compact Dwarf galax- 
ies show comparable or greater SFR(UV) compared to SFR(PAH). We also find 
that the ratio SFR(PAH)/SFR(UV) is similar to that in infrared-selected star- 
bursts for a sample of Markarian starburst galaxies originally selected using op- 
tical classification, which implies that there is no significant selection effect in 
SFR(PAH)/SFR(UV) using starburst galaxies discovered by Spitzer. These re- 
sults indicate that SFRs determined with ultraviolet luminosities require dust 
corrections by a factor of ~ 10 for typical local starbursts but this factor in- 
creases to > 700 for the most luminous starbursts at z ~ 2.5. Application of this 
factor explains why the most luminous starbursts discovered by Spitzer at z ~ 
2.5 are optically faint; with this amount of extinction, the optical magnitude of 
a starburst having f„(7.7 /im) of 1 mJy should be V ~ 25.6. 
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Introduction 



The evolution of star formation in the universe is described by de termining the total 



luminosity density arising from young sta rs as a function of redshift (e.g. iMadau et al.lll998 



Haarsma et al.ll2000t ICalzetti et al.ll2007l ) . Various studies have attempted to measure cosmic 



and near-infrared techniques (e.g 



Martin et al. 


2007; 


Le Floc'h et al. 


2005; 


Mannucci et al. 



20071 ; IWeedman and Houckll2008l ). Because star- forming galaxies are discovered in various 
ways, it is vital to compare various methods for measuring the SFR in a galaxy. The 
galaxies which we are studying in the present paper have their observed multiwavelength 
spectral characteristics determined primarily by on-going, luminous star formation. For this 
reason, we use the classification "starburst galaxies", or "starbursts" . The starbursts which 



or 

we include have SFRs ranging from ~ 0.1 M Q yr _1 to ~ 1000 M Q yr _1 . 

Initial determinations of the evolution of SFR in the universe were based on optical 
observations which reveal rest-frame ultraviolet luminosities of starbursts at high redshifts 
( IMadau et al.lll998l ). Uncertain corrections for extinction are the greatest limitation of such 
studies, and the significance of dust obscuration has become increasingly emphasized by the 
large populations of starbursts being discovered among the dus ty sources found by the Spitzer 
Space Telescope (Spitzer). These "dust obscured galaxies" (jDey et al.l 120081 ) are revealed 
in various surveys at 24 /im with the Multiband Imaging Photometer for Spitzer (MIPS; 
Rieke et al. 2004) combined with 3 jttm to 8 /im photometry with the Spitzer Infrared Array 
Camera (IRAC; Fazio et al. 2004). 

Luminous, dusty galaxies discovered with MIPS and IRAC have been characterized 
by spectra with The Infrared Spectrograph on Spitzer (IRS; Houck et al. 2004) to red- 
shifts z ~ 3. The starburst sources have a mid-infr ared spectrum dominated by emission 



Farrah et al. 


2008; 


Pope et al. 


2008) 



It is especially important to have methods for measuring SFR at high redshifts using 
various observations enabled by Spitzer because the mid-infrared luminosity is often the only 
measure available for starbursts in these luminous, distant, and heavily extincted sources. A 
technique to measure SFR in many mid-infrared sources using a consistent parameter is to 
use the luminosity of the PAH features, because these arise in the photodissociation region 
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at th e inner edge of the dusty molecular clouds surrounding the starburst (IPeeters et al. 
20041 ). 



In the present paper, we use a measurement of PAH luminosity to determine the SFR 
as measured in the infrared [SFR(PAH)] in order to compare with independent measures 
of SFR that arise from ultraviolet continuum data [SFR(UV)] and radio continuum data 
[SFR(radio)]. This comparison is enabled by the large number of starburst galaxies which 
have now been observed by the Spitzer IRS and also by the Galaxy Evolution Explorer 
(GALEX, Mar tin et al. 2005) an d at 1.4 Ghz by the Very Large Array, primarily in the 
FIRST survey (IWhite et al.lll997l ). We also utilize and classify the available optical spectra 
from the Sloan Digital Sky Survey (SDSS, Gunn et al. 1998). 

Our comparison of SFR(PAH), SFR(radio), and SFR(UV) has three primary objectives: 
1. to test the validity of the infrared PAH calibration of SFR; 2. to derive an estimate of 
extinction for the ultraviolet luminosity by an empirical measurement comparing SFR as 
measured in the infrared and the ultraviolet; 3. to determine if infrared-discovered star- 
bursts are similar in dust content to starbursts discovered with other techniques. We make 
these comparisons using a total sample of 287 starburst galaxies with Spitzer IRS spectra, 
described below. 

As a control sample for comparison to these starbursts chosen because they have infrared 
observations, we use the original list of starburst galaxies deriv ed from the Ma rkarian galaxy 
sample and classified as starbursts with optical spectroscopy (lBarzandll983l ). This sample 
was selected without knowledge of infrared characteristics and was discove red as galaxies 
having unusually bright continua in the visible ultraviolet (jMarkarianl 119671 ) . Infrared flux 
densities measured at 25 /im by the Infrared Astronomical Satellite (IRAS) are compared 
to GALEX fluxes for a sample of 76 Markarian galaxies as a test of whether there are 
different results for SFR(PAH)/SFR(UV) when using the optically-discovered Markarian 
sample compared to the infrared-discovered Spitzer sample. 



2. Sample Selection and Observations 

2.1. Spitzer IRS Observations 

A s ummary of 243 starbu r sts w ith IRS spectra and determinations of SFR(PAH) is 
given by IWeedman and Houckl ( 120081 ). For comparison with GALEX and r adio data, we 
consid er only the 49 galaxies in this sample having z < 0.5 and not included by lBrandl et al. 
(120061 ). The redshift limit is chosen both to enable measurements at an accessible ultraviolet 
rest-frame wavelength using the GALEX data, and to have a sufficiently bright sample that 
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most of the Spitzer sources are detected with GALAX and VLA observations. The Brandl 
et al. starbursts are omitted, because part of our objective is to test the calibration for 
SFR determined from these galaxies. Also, they are all resolved sources with the IRS, so 
uncertain aperture corrections would hav e to be applied for comparison to GALEX and VLA 
data. The 49 sources which we use from lWeedman and Houckl (120081 ) are listed in Table 1, 
identified by footnote. 

To increase substantially the sample of Spitzer starbursts, we have extracted new IRS 
spectra from the archival data of two Spitzer Legacy Programs. The first is program 30742 
(D. Schiminovich, P.I.). This program was designed to obtain IRS observations for sources 
within the Lockman Hole Field of the Spitzer Wide Area Infrared Extragalactic survey 
(SWIRE, Lonsdale et al. 2003) that also have measured fluxes from GALEX. This program 
contains 101 sources with IRS spectra. The second Legacy Program is program 40539 (G. 
Helou, P.I.) designed to obtain a flux limited sample from various Spitzer survey fields of 
sources with f u (24 jum) > 5 mJy This program contains 330 sources. 

We extracted IRS spectra of all 431 sources in the two programs described above to find 
those sources which satisfy our criterion for a "pure starburst". As in previous IRS st udies 
of starbursts farandl et al.lbood : iHouck et al.ll2007t IWeedman and Houckl liooi . £3), this 
criterion for selecting sources whose mid-infrared spectrum is dominated by luminosity from 
a starburst (without being contaminated by AGN luminosity) is having equivalent width 
(EW) of the 6.2 /im PAH feature be EW(6.2 fim) > 0.4 /im. The origin of this criterion is 
explained further in section 3.1, below. 



All of our new spectral extractions were done with the SMART analysis package (IHigdon et al 



20041 ). beginning with the Basic Calibrated Data products of the Spitzer flux calibration 
pipeline, using the most recent version of calibration applied to the sources (either v. 15 or 
v.17). Because our objective was only to measure the PAH luminosity, we extracted only 
the IRS short-low spectra, which extend to ~ 14 /im. From the spectral extractions, we 
measured the redshift as determined from the PAH features at 6.2 /mi, 7.7 //m, and 11.3 
//m; measured the f u (7.7 /im); and measured the rest-frame equivalent width of the 6.2 /tm 
feature, EW(6.2 //m). Results are in Table 1. 

For the 101 sources in program 30742, 75 sources are found to satisfy the criterion of 
EW(6.2 /mi) > 0.4 /xm. These 75 sources are in Table 1, identified by footnote. All of these 
sources have SDSS spectra available. All show optical spectra classified as "HII", because 
the emission lines are narrow and the H/3 emission line is strong compared to the higher 
ionization [OIII] lines. This confirms the clear and strong correlation between the optical 
classification as a starburst and the presence of strong PAH emission. 
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For the 330 sources in program 40539, 152 sources are found to satisfy the starburst 
criterion EW(6.2 fim) > 0.4 /im. These 152 sources are in Table 1, identified by footnote. 
SDSS spectra are available for 57 of these sources, and all show optical spectra classified as 

"Hir. 



Finally, we include 11 blue compact dwarfs (BCDs) from lWu et al.l (120061 1 for which we 
extracted spectra to measure f u (7.7 fim). Most of these sources do not satisfy the EW(6.2 
jum) > 0.4 criterion because PAH features are systematically weak in BCDs. We include 
these to have a sample of low luminosity sources. Adding these BCDs yields the total of 287 
starbursts given in Table 1. 

Uncertainties in the measurement f u (7.7 jum) for these sources arise from uncertainties 
in the Spitzer flux calibration, which is typically ± 5%, and uncertainties in fitting the 
value of the PAH peak at 7.7 fim. For sources as bright as those we include, the combination 
of these uncertainties leads to a typical observational uncertainty in the infrared flux and 
luminosity measures of ± 10%. 



2.2. GALEX and VLA Observations 



The GALEX mission is an all-sky survey satellite which obt ains images in the u ltraviolet 
at wavelengths 134-179 nm (FUV) and 177-283 nm (NUV) jMartin et all 12005^ . Point 
source images have ful l width at half maximum (FWHM) of 4.2" for FUV and 5.3" for NUV 
( jMorrissey et al.l 120051 ). For the Spitzer IRS, spatial resolution is wavelength dependent, so 
the FWHM of an unresolved source at the observed wavelength of the 7.7 /im feature depends 
on source redshift a nd is 3" < FWHM < 5". GALEX surveys report a one sigma positional 
uncertai nty of 0.5" (lAgueros et al.ll2005f) and Spitzer surveys have a one-sigma uncertainty 
of 0.4" iFadda et al-lbood ). 



These image sizes mean that the spatial resolutions of GALEX and Spitzer observa- 
tions are well matched. Any mismatch does not affect measured fluxes for point sources, 
although there may be aperture-dependent effects between reported fluxes within the ob- 
serving apertures if sources are very extended compared to the spatial resolution. To avoid 
such uncertainties, we do not include in Table 1 any sources w hich are well resolve d by the 
IRS (which is one reason why the nearby starburst galaxies in iBrandl et al.l (120061 ) are not 
included), so the comparison of fluxes for Spitzer and GALEX should not be significantly 



1 GALEX data used in this paper were those available in February, 2009, at the MultiMission Archive at 
Space Telescope Science Institute [http: / / archive. stsci.edu/| 
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affected by the slightly differing spatial resolutions, even for any sources that are partially 
resolved. 

A more significant source of uncertainty is determining whether Spitzer and GALEX 
have detected the same source. Confusion would arise, for example, if there were a highly 
obscured starburst found by Spitzer but a less obscured, nearby starburst seen by GALEX. 
To minimize this uncertainty, we use a positional-coincidence criterion. Of the 287 Spitzer 
infrared sources in Table 1, 283 were included in GALEX observations. Of these 283 sources, 
272 infrared sources in Table 1 have GALEX identifications to within 3", and the GALEX 
observations for these sources are tabulated. Sources with positional differences > 3" are 
not tabulated because the GALEX source is outside the half-power location of the Spitzer 
observing aperture. 

The differences in position between Spitzer and GALEX are shown in Figure 1 for all 
sources compared to source flux densities. For the 272 sources with distance < 3", the median 
difference between GALEX and Spitzer positions is only 0.64". This value is comparable 
to the quoted positional uncertainties, which gives confidence that the same starbursts are 
observed in both infrared and ultraviolet. 

The observed flux density at rest frame FUV wavelength of 153 nm [used for determining 
SFR(UV)] is determined by using the GALEX observed flux densities at FUV (effective 
wavelength 153 nm) and NUV (effective wavelength 227 nm) to fit a power law continuum 
between these wavelengths, and then interpolate to the flux density at observed wavelength 
(l+z)153 nm using the resulting power law index. This is the value of f^(FUV) listed in 
Table 1. 

For comparing infrared flux densities to radio flux densities, similar considerations for 
spatial resolutio n and positional co incidence apply. Most of the radio detections are from the 



the VLA (ICondon et al. 



FIRST su rvey rtWhite et al.l 119971) . and the remainder are from targeted observations with 



These surveys give spatial resolution with FWHM ~ 5", so 



the same positional criterion (agreement to within 3" ) is used for radio and infrared sources 
as for UV and infrared sources. Of the sources in Table 1, 38% have radio detections. The 
radio limit which is used for sources that are not detected at 1.4 GHz is the 1 mJy limit of 
the FIRST survey. Radio observations are corrected to rest frame 1.4 GHz by assuming a 
power law spectrum of index a = -0.7. Results for the radio luminosities are in Table 1. 
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Discussion 



3.1. SFR from PAH Luminosities 



Many previous studies have shown a well defined correlation between the presence of 
PAH features in the mid-infrared spectrum and the presence of a starburst as classified in 



other parts of the spectrum (e.g. iGenzel et al.lll998t iRigopoulou et al.ll2000t iBrandl et al. 



20061 ). This correlation occurs because the PAH emission arises in the photodissociation 
region that lies between the HII region of a starburst and the surrounding molecular cloud 
within which the stars formed. The exceptional uniformity among the PAH spectrum of 
starburst galaxies is illustrated in Figure 2. This Figure shows the overplotted, normal- 
ized IRS spectra of all 25 sources having an optical SDSS classification as starburst which 
are included within a Spit zer flux limited sample defined only by i v (2A /xm) > 10 mJy 
( jWeedman and Houckl 120081 ) . 



The PAH feat ures arise from vibrational modes in the complex PAH molecules (e.g. 
Peeters et al.ll2002l ). Variations in the intensity and hardness of the radiation field within 
starbursts change the relative strengths of the PAH features, but these changes are not 
great in the integrated spectra of starbursts, as seen in Figure 2. The 6.2 /xm and 7.7 /xm 
features have very similar relative strengths, for example, because both arise from the CC 
stretching mode vibration. By contrast, the relative strength of the 11.3 /xm feature has 
greater variation because it arises from the CH bending mode. 

Spitzer IRS spectra have been used to measure the SFR based on PAH mea sures and em- 



pirical calibration between PAH luminosities and bolometric luminositi es (e.g. IBrandl et al. 



20061 : IPope et al.ll2008l : iHouck et all 120071 : IWeedman and Houckl 120081 ). The latter two pa- 



pers describe and utilize the measure of PAH luminosity vL u (7.7 /xm), where L„(7.7 /xm) is 
determined only from the flux density at the peak of the 7.7 /xm feature. 

The motivation for this measure of PAH luminosity is illustrated by the spectra in 
Figure 2. The PAH features are complex and blended. Determining the total luminosity 
of any single feature requires deblending and adopting a level for the underlying continuum 
of du st emission. Whi le such sophisticated deblending can be undertaken with sufficient 
S/N (ISmith et al.ll2007l ). it is not possible to do accurately in sources of limited wavelength 
baseline or poor S/N. Because of the objective to measure PAH s trength in high red shift 
sources with poor S/N and limited rest frame wavelength coverage, IHouck et al.l (120071 ) and 
Weedman and Houckl (120081 ) define the PAH luminosity simply as vL u (7.7 /xm). 



The measure vL u (7 .7 /xm) is not a measure only of the PAH luminosity, as would be an 
integrated measurement of a deblended PAH feature. The measure based on peak vh v (J .7 
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fim) includes some contribution from the dust continuum underlying the PAH feature. As 
illustrated in Figure 2, this contribution is negligible. For the representative continuum fit 
illustrated, this continuum contribution is < 10% of the peak f„(7.7 /im). For our use of 
vL u (7.7 /mi) as a measure of SFR, separating the PAH contribution from the dust continuum 
contribution is irrelevant so long as the dust continuum is also produced by the starburst. 
This is the case because the calibration of SFR(PAH) in iHouck et al.l (120071 ) is done empir- 
ically using the total uL u (7.7 /im), which includes both PAH and dust contributions. 

Systematic error in this use of vL u (7.7 /im) to measure SFR(PAH) will arise only if the 
dust continuum has a significant contribution from dust heated by an AGN. In this case, the 
underlying dust continuum will be enhanced, and uh u (7.7 /mi) will be artificially increased 
compared to that for a pure starburst. This would lead to an overestimate of SFR(PAH). To 
avoid this uncertainty, we deal only with sources which have sufficiently strong PAH features 
that they are p ure starbursts witho ut a n AGN contribution to the m id-infrared continuum. 
As discussed in IHouck et al.l ( 120071 ) and IWeedman and Houcki (120081 ) , the criterion for such 
starburst-dominated sources is that the EW of the 6.2 /im PAH feature exceed 0.4 /im in 
the source rest frame. 



This criterion arises empirically from EW(6.2 /i m) of the starbursts in iBrandl et al. 

( 2006 ) classified optically and from the starbursts in Weedman and Houck (j2008 ) which 
have SDSS optical class ification as starbursts . This quantitative criterion is also verified by 
the synthetic spectra in lWeedman and Houcki (120081 ) which combine the prototype starburst 
NGC 7714 with the AGN Markarian 231 and show that the starburst fraction of uL u (7.7 
/im) exceeds 90% when EW(6.2 /im) > 0.4 /im. The sources we utilize in the present paper 
are sufficiently bright that the EW(6.2 /im) can be reliably measured, and these are given 
in Table 1. While we could, therefore, use the total integrated luminosity in this feature 
as the measure of SFR for the sources in Table 1, a major objective of our study is to 
allow comparison of these sources to the many fainter sources discovered by Spitzer at 
higher redshifts. For these faint sources, f„(7.7 /im) is a much more reliable observational 
measurement than is the total integrated flux in the 6.2 /im feature. 

To restrict the present analysis to sources for which we can be confident are dominated 
by a starburst, we also use the cri terion of EW(6.2 /im) > 0.4 /im. The only exception are 
11 BCDs which are included from IWu et al.l (120061 ); these systematically have weaker PAH 
features than more luminous starbursts, although the BCDs show no spectral evidence of an 
AGN contribution. The EW criterion used for the remaining starbursts is confirmed by the 
fact that all of the sources in Table 1 which have SDSS spectra show spectra classified as 
" HIP , with no indication of an AGN of any type. 



For sources with a mid-infrared spectrum arising only from a starburst, the luminosity 
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uL u (7.7 fj,m) relates empirically to the total infrared luminosity of the starburst, Lj r , accord- 
ing to log L ir = log [pL u (7.7 /im)] + 0.78 (IHouck et al.l 120071 ). This transformation has no 
dependence on luminosity, as i s seen by combining the IRAS-derived L ir for the local, low 
luminosity starburst sam ple of iBrandl et al.l (120061 ) with the high lu minosity, h i gh re dshift 
submillimeter galaxies in IPope et all f|2008h . Using the relation from iKennicuttl (119981 ) , this 



result for L ir yields that log [SFR(PAH)] = log [vL v (7.7 fim)} - 42.57±0.2, for z/L„(7.7 /im) 
in ergs s _1 and SFR in M Q yr -1 . 



3.2. SFR from PAH Luminosities Compared to SFR from Radio Luminosities 



The measurement of SF R(PAH) using vh u {7 .7 jim) has been used to measure the local 
SFR density of the un i verse (IHouck et al.l 120071 ) and to measure the evolution of starbursts 
(jWeedman and Houckl 120081 ) . It was found, for example, that star formation in the most 
luminous starbursts evolves as log[SFR(PAH] = 2.1(±0.3) + 2.5(±0.3) log(l+z), up to z = 
2.5 for SFR(PAH in M Q yr -1 . In the present paper, our primary objective is to compare 
SFR(PAH) with SFR(UV). Both to verify the previous conclusions based on SFR(PAH) 
and to undertake comparison with SFR(UV), it is useful to test the validity of the relation 
described above for SFR(PAH). 



Houck et al.l (120071 ) showed that this relation was consistent to within ~ 10% for mea- 



sure of SFR as dete rmined from the luminosities of the infrared [Ne II] and [Ne HI] lines 
(iHo and Keto 1120071 ). which arise in the HII region surrounding the starburst. Also. lHouck et al 



(120071 ) showed that the empirical calibration of vh v (7 .7 jjjn) to SFR leads to a measure of 



the integrated SFR in the local universe that is consistent with that measured for starburst 
galaxies using different samples and techniques for measuring SFR from infrared contin- 
uum luminosity. Comparison with SFR determined with radio observations can provide an 
additional test of SFR(PAH). 

The demonstration of a well defined correlation between far-i nfrared flux measu red by 
IRAS and 1.4 GHz flux density from various radio observations dHelou et al.l 119851) led to 
a calibration of SFR(radio) as measured by 1.4 GHz luminosity (jCondon 19921 ) . (Radio 
luminosity from a starburst arises primarily from the non-thermal luminosity of supernova 
remnants, and the number of such remnants relates to the SFR of the starburst.) This 
relation is log [SFR(radio)] = log [z/L„(1.4 GHz)] - 37.07, for vL v (\A GHz) in ergs s _1 and 
SFR(radio) in M yr" 1 . 



Fundamentally, the calibration of SFR(radio ) and the c a 



on vh v (7.7 /im) both arise from the premise of IKennicuttl (119981 ) who equates the total 



ibration of SFR(PAH) based 



-10- 



bolometric luminosity radiated by dust to the bolometric luminosity of the young stars in 
the starburst. Nevertheless, the calibrations of SFR(radio) and SFR(PAH) arise through 
different routes and using different sources so provide an independent consistency check on 
one another. 

Star formation rates SFR(PAH) measured with z/L>(7.7 /im) and SFR(radio) measured 
with uL u (lA GHz) are given in Table 1. Of the 287 infrared sources in Table 1, only 108 
have actual radio detections. For the remainder, SFR(radio) is determined as an upper limit 
assuming f v (lA GHz) < 1 mJy For these sources, SFR(PAH)/SFR(radio) is a lower limit. 

The comparison of SFR(PAH)/SFR(radio) for the detected radio sources is shown in 
Figure 3A. Sources range over a factor of 10 5 in luminosity but only a factor of 10 3 without the 
BCDs. The median value of the ratio log [SFR(PAH)/SFR(radio)] = 0.0 for these detected 
sources. This indicates precise agreement between SFR(PAH) and SFR(radio) for starbursts, 
and there is no statistically meaningful dependence on luminosity for the starbursts which 
are not BCDs. 

Only the BCDs depart from the agreement between SFR(PAH) and SFR(radio). This 
result arises primarily because of the k nown weakness of PAH features in some BCDs 



flWu et al.1 120061 : llzotov and Thuanl Il998l ). so that SFR(PAH) based on vL v (7.7 /im) un- 



derestimates the true SFR. 

The sources in Table 1 without radio detections are plotted as limits in Figure 3B, using 
1 mJy as the limit for f„(1.4 Ghz). The limits on SFR(PAH)/SFR(radio) shown in Figure 
3B are in the sense that the actual SFR(PAH)/SFR(radio) would be greater than the limit 
plotted. The distribution of limits has a median slightly smaller than the median of 0.0 for 
detected sources, which is as expected for the limits. 



3.3. SFR Determined from PAH Luminosities Compared to SFR from 

GALEX Ultraviolet Luminosities 



The most direct measurement of SFR in a starburst is to observe the ultraviolet con 
tinuum luminosity from the young, hot stars in the starburst (e.g. 



Salim et al. 2007 



Treyer et al.l 120071 ). The primary difficulty in obtaining SFR(UV) in this way is in de- 
termining the fraction of the observed luminosity which has been absorbed by intervening 
dust. Corrections for this dust extinction can be determined observationally by measuring 
the reddening of the spectrum, using the Balmer decre ment for example, a nd then using 
an extinction law to relate reddening to total extinction (ITreyer et al.l 120071 ). Such correc- 
tions cannot account, however, for luminosity sources so extinguished that they make no 
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contribution to the observed spectrum from which reddening corrections are determined. 

The same dust that absorbs ultraviolet luminosity from these "buried" sources produces 
infrared luminosity. By comparing the infrared luminosity from the buried starburst with 
the observed ultraviolet luminosity, a direct measurement is made of the fraction of intrinsic 
ultraviolet luminosity which is absorbed. It is this comparison that we undertake by com- 
paring SFR(UV) and SFR(PAH), using only the observed ultraviolet luminosity without 
applying any corrections for dust attenuation. 

SFR(UV) is determined using the relation SFR(UV)= 1.08xlO- 28 L„(FUV), for L„(FUV) 



in ergs s 1 Hz 1 (jSalim et al.l 120071 ). This is the intrinsic value, without applying any extinc- 
tion corrections to the ultraviolet. For convenient comparison to SFR(PAH) and SFR(radio) 
in Table 1, we convert this to log [SFR(UV)] = log z/L^FUV) - 43.26, for z/L^FUV) in ergs 
s _1 and SFR in M Q yr" 1 , using ^(FUV) determined as described above in section 2.2 for 
the FUV rest frame wavelength of 153 nm. 

The relations for SFR(PAH) and SFR(UV) also describe the correspondence between 
intrinsic flux z/f„(7.7 ^m) for the PAH feature and FUV magnitude which should arise from 
the same starburst. If SFR(PAH) = SFR(UV), and there is no extinction of the ultraviolet, 
log f^FUV) = log i v {7.7 /mi) - 1.01. When compared to an infrared source for which i v (7 .7 
/an) is 1 mJy, the intrinsic FUV magnitude of the same starburst in the AB system would 
be 18.5 (using the transformation AB = -2.51og i v - 48.60, for i v in ergs cm 2 s _1 Hz -1 .) 

The comparison SFR(PAH)/SFR(UV) for the sources in Table 1 is shown in Figure 4. 
In contrast to the close agreement between SFR(PAH) and SFR(radio) shown in Figure 3, 
there is a very large offset between SFR(PAH) and SFR(UV) in Figure 4. The median log 
[SFR(PAH)/SFR(UV] = 1.67. If this entire offset is caused by extinction of the ultraviolet 
luminosity, the median result indicates that only 2% of the ultraviolet luminosity escapes 
the starburst, or that SFR(UV) would be underestimated by a factor of 50 if extinction were 
not considered. 

The median value is determined primarily by the large number of sources with log 
^Lv(7.7 /im) > 43. There is, however, a significant luminosity dependence in the ratio 
SFR(PAH)/SFR(UV). Fitting all of the points in Figure 4 yields the result: 



log [SFR(PAH)/SFR(UV)]= (0.53±0.05)log [i/L„(7.7 /W)] " 21.49±0.18, for z/L^(7.7 /mi) in 
ergs s -1 . 
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The quoted errors arise only from the fitting of the line in order to demonstrate the intrinsic 
dispersion of the ratio SFR(PAH)/SFR(UV) among different starbursts; uncertainties for 
individual points are not included in the quoted errors. 

The most luminous starbursts a re those which have been fo und by Spitzer at z ~ 2.5. 
The luminosities scale with redshift ( jWeedman and Houckl 120081 ) . with log [vh v {7.7 /mi)] = 
44.63 + 2.51og (1+z). At z = 2.5, the most luminous starburst from this relation has log 
vL v (7.7 fim) = 46. Equation (1) and Figure 4 indicate that such starbursts should have 
values of SFR(PAH)/SFR(UV) > 700! 

This very large ultraviolet extinction is consistent with the observation that the pop- 
ulation of lumin ous Spitzer sources at high redshift are very faint when observed optically 
( IDey et al.ll2008l ). At z = 2.5, the rest frame FUV wavelengths correspond approximately to 
observed V magnitude. The brightest obscured infrared sources at z = 2.5 have f^(7.7 jttm) 
~ 2 mJy in the observed frame. According to the relation given above between 7.7 /im flux 
and rest frame ultraviolet magnitude, such a source with a factor of 700 extinction would 
have optical V mag. ~ 24.9. 

As was also the case for SFR(PAH)/SFR(radio) in Figure 3, the low luminosity BCDs 
in Figure 4 show systematically smaller values of SFR(PAH)/SFR(UV). This result indicates 
low ultraviolet extinction in BCDs combined with weak PAH features. Various explanations 
related to low metallicity have been suggested to explain the weakness of PAH features 
in BCDs (jWu et al.l 120061 ; llzotov and Thuanl Il998l ). An alternative explanation for weak 
PAH features based on the observation of little extinction is that the HII regions are not 
ionization bounded, implying that the starbursts in BCDs are not enveloped by the dusty 
molecular clouds which produce the photodissociation region where PAH features arise in 
more luminous starbursts. 



The same calibration of SFR(PAH) which we use was used by iHouck et al.l (120071 ) to 
determine the SFR density in the local universe from a complete, flux limited sample of 
Spitzer sources. The result was 0.008 M yr -1 Mpc~ 3 . The local SFR determined with 
GAL EX results was measured as .003 M Q yr -1 Mpc -3 without ultraviolet extinction correc- 
tions (jlglesias-Paramo et al.ll2006l ). and increases to 0.016 M yr _1 Mpc -3 with an assumed 
extinction correction of a factor of ~ 5. Based on comparisons with other infrared-derived 
measures of the local SFR density, Houck et al. consider their result based on SFR(PAH) to 
be underestimated by perhaps a factor of two because of the small number of low luminosity 
sources in their sample. This implies that SFR(PAH) and SFR(UV) are consistent when 
extinction by a factor of 5 is applied to the ultraviolet data. 



Why is this extinction correction by a factor of 5 for the local SFR so different from the 
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median factor of 50 in SFR(PAH)/SFR(UV) in Figure 4? The answe r is in the luminos ity 



dependence for SFR(PAH)/SFR(UV). The SFR for the local sample flHouck et al.l 12007( 1 is 
dominated by galaxies with 10 9 < L ir < 10 10 L . At these luminosities in Figure 4, 4 < 
SFR(PAH)/SFR(UV) < 16, which is consistent with the local correction of ~ 5 applied for 
ultraviolet extinction. 

This result indicates that an infrared-discovered sample of dusty starbursts may con- 
tain extinction that is somewhat greater than that found in ultraviolet-discovered galaxies, 
but this excess extinction is less than a factor of two compared to the extinction within 
ultraviolet-discovered galaxies. This consistency is evidence that results we find for star- 
burst galaxies discovered in the infrared with Spitzer can be used to consider the nature of 
starburst galaxies in general. As a further test of this conclusion, we now consider a more 
detailed comparison with dust extinction in ultraviolet-selected galaxies. 



3.4. Dust Corrections for SFR(UV) 

The relations used above to determine SFR(PAH) and SFR(UV) derive from indepen- 
dent assumptions and modeling regarding the stellar composition of starbursts. It would not 
be surprising if these independent approaches led to different values for SFR in a starburst. 
We have assumed in our interpretation, however, that both approaches should give the same 
result for SFR and that the only differences arise from dust attenuation of the ultraviolet 
luminosity. In order to test this assumption, we now consider independent measures of dust 
attenuation to determine if our conclusions regarding the amount of extinction by dust are 
consistent with other estimates. 

The result in equation (1) and the distribution of points in Figure 4 indicates that 
the measured values for SFR(PAH)/SFR(UV) without corrections to SFR(UV) for dust 
extinction scale with starburst luminosity, such that SFR(PAH)/SFR(UV) is dependent on 
(starburst luminosity) ' 53 . If the ratio SFR(PAH)/SFR(UV) differs only because of differing 
dust extinction for the observed SFR(UV), this indicates that more luminous starbursts are 
also more dusty, which is one of our most important results. For example, the points in 
Figure 4 indicate that dust extinction is negligible in starbursts of log[z/L^(7.7 //m)] ~ 41 
(typical luminosity of BCDs) but that dust extinction can reach a factor of 1000 in the most 
luminous starbursts. 

Our conclusion depends on the interpretation that the difference between observed val- 
ues of SFR(PAH) and SFR(UV) arises only because of dust extinction of some fraction 
of intrinsic ultraviolet luminosity from the starburst. This interpretation can be checked 
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independently of our result. Estimates of the dust extinction corrections that should be 
applied for ultraviolet luminosity have previously been made using extensive collections of 
galaxy S EP templates to c ompare L ir to the total observed ultraviolet luminosity, L uv , from 
galaxies iBuat et al.l (120071 ). The ratio L ir /L uv derived in this way is a measure of dust ex- 
tinction which is equivalent to our measure SFR(PAH)/SFR (UV). These prev ious results 
also indicate a luminosity dependence for the dust extinction (IBuat et al.l 120071 ). 



The fundamental principle in using L ir /L uv to measure dust attentuation of ultravi- 
olet luminosity is that all infrared luminosity from a starburst arises from re-radiation by 
dust of ultraviolet luminosity which has been absorbed. The total luminosity radiated by 
the starburst is then measured as Li r + L uv . This sum is the same as the intrinsic ul- 
traviolet luminosity which is produced, which we define as L uv (starburst). The fraction of 
L uv (starburst) which emerges without dust attenuation is L uv /L uv (starburst), or L uv /(L ir 
+ L uv ). Equivalently for our measurements, L uv /L uv ( starburst) = SFR(UV)/[SFR(UV) + 
SFR(PAH)]. 



In order to use the results in IBuat et al.l (120071 ) with our relation in equ ation (1), we 



conver t log uL u (7.7 /im) to L ir using the empirical relation for starbursts in iHouck et al. 
(120071 ). log L ir = log [i/L„(7.7 /im)] - 32.80±0.2 for L ir in L and vL u (7.7 /mi) in ergs s _1 
With this transformation, equation (1) becomes 



log [SFR(PAH)/SFR(UV)]= 0.53 log L ir - 4.11, for L ir in L . 



(2) 



We use equation (2) to determine the fraction of emerging ultraviolet luminosity, L uv / L uv (starburst) 
= SFR(UV)/[SFR(UV) + SFR(PAH)], and show this in Figure 5 as a function of luminosity. 
Our resul t is compared to th e same parameter for ultraviolet-selected galaxies using L uv / {Li r 
+ L uv ) in lBuat et al.l (120071 ). The slope of the luminosity dependence is very similar between 
the two results. Our relation from equation (2) is offset, however, by about a factor of two 
lower values of L uv /L uv (starburst). This offset implies a systematically higher extinction 
by a factor of two at all luminosities for our infrared-discovered sample compared to the 
extinction estimates from ultraviolet-selected sources. 



There could be various reasons for the offset. Part could be produced if our equation 
for SFR(PAH) is incorrect compared to SFR(UV) and gives larger values for SFR. We 
concluded in section 3.2, however, that there i s no offset between SFR(PAH) and SFR(radio). 
Another explanation is that the templates in lBuat et al.l (120071 ) are not purely starbursts, so 
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ultraviolet luminosity from portions of a galaxy with less extinction may be included than is 
the case for the pure starbursts in the infrared sample. Finally, part of the excess extinction 
we find could also result from our selection based on infrared sources, which preferentially 
selects the most dusty starbursts. We make another test for this final selection effect in 
section 3.5, below. 



3.5. Control Sample of Markarian Galaxies 



All of the starbursts considered so far were selected because they have Spitzer infrared 
measurements, and most were discovered in Spitzer surveys at 24 /mi. A concern is that this 
selection might lead to a selection effect which favors SFR(PAH) compared to SFR(UV). To 
test for such an effect, we utilize a sample of starbursts selected without regard to their in- 
frared fluxes but selected instead because of unusually strong fluxes in the visible ultraviolet. 
This s ample derives from the Markarian survey for "galaxies with strong ultraviolet contin- 
uum" (iMarkarianl Il967t ) . It is the sample of 76 Markarian starburst s which have G ALEX 
identifications among the Markarian galaxies defined as starbursts by iBalzanol (119831 ) using 
optical spectra which show only an HII spectrum with no indication of an AGN. 

The optical colors and emission line properties of these Markarian sources are ex- 
plained by the presence of a hot, young star population, and this list was the first com- 
pilation of a starburst galaxy sample following the original definition of this galaxy category 
( jWeedman et al.lll98ll ). This sample is a useful control sample because most of the Markar- 
ian starbursts also have mid-infrared measurements by IRAS and ultraviolet measurements 
with GALEX, although neither mission existed when the original sample was assembled. In 
Table 2, the GALEX and IRAS data for these Markarian galaxies are given. For sources 
detected by GALEX but not by IRAS, the 3cr upper limit for f„(25 /mi) is taken as 65 mJy 

To adopt an infrared spectrum, we use starburst spectra such as t hose in Figure 2 which 
charac terize the unbiased samples of Spitzer sources described in I Weedman and Houck 
( 120091 ). For sources in that sample having 42 < log [uL u (15 /mi)] < 44, covering the 
luminosity range of most Markarian galaxies in Table 2, the average spectrum has f„(25 
/xm)/fjy(7.7 /mi) = 2.6±1.2, which allows a transformation from f^(25 /mi) observed by IRAS 
to a value of f„(7.7 /tin). This allows the calculation of SFR(PAH) for the Markarian sample 
using the same relations used above for sources in Table 1 having observed values of f u (7.7 
fim). Results for SFRs are in Table 2 and the ratios SFR(PAH)/SFR(UV) are shown in 
Figure 6. 



Fitting all of the points and limits in Figure 6 yields the result: 
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log[SFR(PAH)/SFR(UV)]= (0.38±0.08)log i/L„(7.7 fjm) - 15.27±0.25. 

(3) 

As for the infrared- selected starbursts in equation (1) and Figure 4, the Markarian star- 
bursts in Figure 6 also show a dependence of SFR(PAH)/SFR(UV) on luminosity, although 
the range of luminosities is less than for the infrared-selected starbursts in Figure 4. Within 
the uncertainties of equations (1) and (3), the ratio SFR(PAH)/SFR(UV) has the same de- 
pendence on luminosity. At the median luminosity for Markarian galaxies in Figure 6 of 
log i/L„(7.7 fjcm) = 43, the log [SFR(PAH)/SFR(UV)] = 1.07. At this same luminosity, the 
infrared-selected starbursts in Figure 4 have from equation (1), log [SFR(PAH)/SFR(UV)] 
= 1.30. 

This result indicates moderately less extinction in the Markarian galaxies; 8.5% of the ul- 
traviolet luminosity escapes compared to only 5% which escapes the infrared-selected galax- 
ies. These differences are small compared to the large extinctions which are observed in 
both samples. This means that extreme extinction in the ultraviolet is characteristic of all 
starbursts regardless of selection technique, so that choosing starbursts from infrared obser- 
vations does not lead to a sample which is more heavily extincted by dust than choosing 
starbursts based on optical spectroscopic classifications. 

This comparison with Markarian galaxies is additional confirmation that an infrared- 
selected sample of starbursts does not yield starbursts which are significantly dustier than 
other starbursts. 

4. Summary and Conclusions 

Star formation rates determined from infrared (Spitzer), ultraviolet (GALEX), and 
radio (VLA) indicators have been determined for 287 starburst galaxies with spectra from 
the Spitzer Infrared Spectrograph. We find that SFR(PAH) and SFR(radio) give the same 
values, but SFR(UV) is typically a factor of 50 less than SFR(PAH). This is an empirical 
measure of extinction in the ultraviolet. 

The measure of starburst luminosity used for SFR(PAH) is vL u {l '.7 jum) for the peak 
luminosity of the 7.7 fxm PAH feature. The measure of starburst luminosity for SFR(UV) 
arises from the observed continuum flux density at rest frame 153 nm. The ratio log 
SFR(PAH)/SFR(UV) has a median value of 1.67, with dependence on luminosity of form 
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log [SFR(PAH)/SFR(UV)] = (0.53±0.05)log [uL u (7.7 fjcm)] - 21.49±0.18, for uL u (7.7 //m) 
in ergs s _1 . Using the conversion we adopt between i/L u (7.7 /im) and L ir for starbursts, this 
becomes log [SFR(PAH)/SFR(UV)]= 0.53 log L ir - 4.11, for L ir in L . 

These results indicate that SFRs determined with ultraviolet luminosities require ex- 
tinction corrections by a factor of ~ 10 for typical local starbursts, but this correction factor 
exceeds 700 for the most luminous starbursts at z ~ 2.5. The trend of increasing extinc- 
tion with increasing luminosity is similar to that reported previously for ultraviolet-selected 
galaxies, although our infrared-selected sample shows a systematically larger dust extinction 
by about a factor of two. 

The extreme ultraviolet extinction explains why the most luminous starbursts discovered 
by Spitzer at z ~ 2.5 are optically faint. These sources have log uL u {7.7 fim) = 46. With 
the derived amount of extinction, the optical magnitude of a starburst at z ~ 2.5 with a 1 
mJy 7.7 fim feature should be V ~ 25.6. 

SFR(PAH) and SFR(UV) are compared for a control sample of 76 Markarian starburst 
galaxies having ultraviolet fluxes in order to test for selection effects arising from our use 
of infrared-selected starbursts. The result indicates only moderately less extinction in the 
Markarian galaxies; 8.5% of the ultraviolet luminosity escapes galaxies compared to only 
5% which escapes infrared-selected galaxies of the same luminosity log vh v {7 .7 fim) ~ 43. 
This comparison with Markarian galaxies is additional confirmation that an infrared-selected 
sample of starbursts does not yield starbursts which are significantly dustier than other 
starbursts. 

Overall results for SFR(PAH) indicate that infrared-discovered starbursts are not sig- 
nificantly dustier that starbursts of similar luminosity discovered in other ways. This means 
that conclusions derived from Spitzer samples of starbursts are generally applicable to un- 
derstanding the evolution of star formation in the universe. 

We thank D. Barry for help in data acquisition, and P. Hall, V. Leboutiellier, and J. 
Bernard-Salas for aid in improving our IRS spectral analysis with SMART. We thank the 
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1257184 issued by JPL/Caltech. Support was also provided by the US Civilian Research 
and Development Foundation under grant ARP 1-2849- YE-06. This research has made use 
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Table 1. Infrared, Ultraviolet, and Radio Star Formation Rates of Spitzer Starburst Galaxies 
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m.Tv 
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UV 
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1 
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021 
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2 
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<1 
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3 
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3 
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<1 
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0.28 
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4 
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3 
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<1 
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0.41 
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5 
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7 
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21 
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-0.32 


0.59 
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<38.89 


1.69 


0.18 


<1.82 


98 


SST24 


104748.13+573438 


2 


0.4 





116 


0.61 


7.3 


43.94 


22.7 


43.13 


<1 


<38.64 


1.37 


-0.13 


<1.57 


99 


SST24 


104804.08+585136 


4 


0.3 





086 


0.48 


5.2 


43.52 


37.4 


43.08 


<1 


<38.37 


0.95 


-0.18 


<1.3 


100 


SST24 


104805.16+574854 


3 


0.4 





073 


0.64 


10.9 


43.70 


19.2 


42.65 


<1 


<38.23 


1.13 


-0.61 


<1.16 


101 


SST24 


104810.18+562249 


9 


0.7 





070 


0.42 


7.4 


43.50 


15.4 


42.52 


<1 


<38.19 


0.93 


-0.74 


<1.12 


102 


SST24 


104811.23+572430 


9 


0.5 





072 


0.54 


4.1 


43.26 


33.7 


42.88 


<1 


<38.21 


0.69 


-0.38 


<1.14 


103 


SST24 


104817.77+572410 


1 


0.3 





071 


0.57 


5.2 


43.36 


72.1 


43.20 


<1 


<38.2 


0.79 


-0.06 


<1.13 


104 


SST24 


104829.32+575355 


7 


1.0 





074 


0.77 


9.3 


43.64 


68.4 


43.21 


<1 


<38.24 


1.07 


-0.05 


<1.17 


105 


SST24 


104835.13+580124 





0.1 





175 


0.38 


3.9 


44.03 


17.1 


43.38 


<1 


<39.01 


1.46 


0.12 


<1.94 


106 


SST24 


104837.88+582642 


1 


0.4 





232 


0.65 


12 


44.78 


17.6 


43.64 


<1 


<39.26 


2.21 


0.38 


<2.19 


107 


SST24 


104844.02+580340 


9 


0.8 





164 


0.46 


4.9 


44.07 


10.9 


43.12 


<1 


<38.95 


1.50 


-0.14 


<1.88 


108 


SST24' 104904.23+561326 


4 


1.4 





071 


0.40 


14.3 


43.79 


14.1 


42.49 


1.4 


38.35 


1.22 


-0.77 


1.28 



Table 1 — Continued 



No. 


Name 


coordinates 




R a 




z b 


EW(6.2) C 


f„(7.7) d 


i/L„(7.7) 


i„(FUV) c 


L(FUV) 


f(1.4 GHz) f 


L (radio) 


SFRs 


SFRs 


SFRs 






J2000 for 24 /im 




a 






fim 


mjy 


ergs s^ 1 


yuJy 


ergs s _1 


mjy 


ergs s _1 


PAH 


UV 


Radio 


109 


SST24 


104905.29+573733 


5 


0.6 





079 


0.66 


6.7 


43.56 


17.8 


42.68 


<1 


<38.3 


0.99 


-0.58 


<1.23 


110 


SST24 


104907.19+565715 


1 


0.8 





072 


0.75 


16.7 


43.87 


14.1 


42.5 


1.27 


38.32 


1.30 


-0.76 


1.25 


111 


SST24 


104927.49+593252 


8 


1.0 





219 


0.62 


8.8 


44.59 


10.2 


43.35 


<1 


<39.21 


2.02 


0.09 


<2.14 


112 


SST24 


104938.42+593503 


4 


0.6 





115 


0.58 


4.1 


43.68 


1.9 


42.05 


<1 


<38.63 


1.11 


-1.21 


<1.56 


113 


SST24 


104956.37+593030 


1 


1.1 





116 


0.37 


5.7 


43.83 


2.1 


42.11 


<1 


<38.64 


1.26 


-1.15 


<1.57 


114 


SST24 


105006.00+561500 


4 


>3 





119 


0.46 


9.8 


44.09 






<1 


<38.66 


1.52 




<1.59 


115 


SST24 


105007.25+593254 


3 


0.3 





113 


0.69 


10.2 


44.06 


23.0 


43.11 


<1 


<38.61 


1.49 


-0.15 


<1.54 


116 


SST24 


105008.92+585543 


3 


0.6 





118 


0.56 


5.9 


43.86 


57.9 


43.55 


<1 


<38.65 


1.29 


0.29 


<1.58 


117 


SST24 


105009.90+593029 





0.4 





066 


1.05 


4.4 


43.21 


26.0 


42.69 


<1 


<38.14 


0.64 


-0.57 


<1.07 


118 


SST24 


105034.07+592221 


7 


0.7 





153 


0.63 


7.8 


44.21 


17.5 


43.27 


<1 


<38.88 


1.64 


0.01 


<1.82 


119 


SST24 


105037.24+590544 


8 


0.1 





029 


0.55 


16.1 


43.06 


111.3 


42.60 


<1 


<37.41 


0.49 


-0.66 


<0.34 


120 


SST24 


105047.90+590348 


3 


1.2 





130 


0.71 


5.8 


43.94 


36.9 


43.44 


<1 


<38.74 


1.37 


0.18 


<1.67 


121 


SST24 


105058.83+560550 


2 







122 


0.55 


2.3 


43.47 






<1 


<38.68 


0.90 




<1.61 


122 


SST24' 105110.74+590436 


9 


0.3 





117 


0.40 


3.9 


43.67 


1.3 


41.90 


<1 


<38.64 


1.10 


-1.36 


<1.58 


123 


SST24 


105128.09+573501 


7 


0.6 





070 


0.57 


6.6 


43.44 


59.3 


43.1 


<1 


<38.19 


0.87 


-0.16 


<1.12 


124 


SST24 


105200.36+591933 


4 


0.9 





118 


0.37 


3.2 


43.59 


9.0 


42.75 


1.23 


38.74 


1.02 


-0.51 


1.67 


125 


SST24 


105206.63+580947 


3 


0.3 





118 


0.61 


22.8 


44.45 


31.7 


43.29 


1.65 


38.87 


1.88 


0.03 


1.8 


126 


SST24 


105242.40+571914 


9 


0.2 





091 


0.38 


5.2 


43.57 


13.0 


42.67 


<1 


<38.42 


1.00 


-0.59 


<1.35 


127 


SST24 


105252.83+570754 


2 


0.2 





165 


0.49 


3.9 


43.98 


4.1 


42.71 


0.29 


38.41 


1.41 


-0.55 


1.34 


128 


SST24 


105301.42+570543 


2 


0.5 





080 


0.64 


13.7 


43.88 


19.9 


42.74 


0.74 


38.18 


1.31 


-0.52 


1.11 


129 


SST24 


105304.76+563328 


8 


0.3 





070 


0.45 


8.9 


43.57 


7.0 


42.17 


<1 


<38.19 


1.00 


-1.09 


<1.12 


130 


SST24 


105335.21+564431 


5 


0.8 





130 


0.37 


10.6 


44.20 


15.2 


43.06 


2.32 


39.1 


1.63 


-0.20 


2.03 


131 


SST24 


105336.93+580350 


7 


1.6 





455 


0.39 


4 


44.91 


3.0 


43.48 


<1 


<39.87 


2.34 


0.22 


<2.8 


132 


SST24 


105432.35+570932 


8 


0.3 





067 


0.43 


10.2 


43.60 


18.4 


42.55 


<1 


<38.15 


1.03 


-0.71 


<1.08 


133 


SST24 


105450.97+582327 


4 


0.6 





115 


0.49 


6.8 


43.90 


10.4 


42.79 


<1 


<38.63 


1.33 


-0.47 


<1.56 


134 


SST24 


105634.99+584748 


3 


0.3 





048 


0.68 


24.6 


43.68 


114.3 


43.05 


1.15 


37.92 


1.11 


-0.21 


0.85 


135 


SST24 


105641.86+580045 


3 


0.4 





129 


0.62 


10.4 


44.19 


43.3 


43.51 


<1 


<38.73 


1.62 


0.25 


<1.66 
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No. 


Name 


coordinates 


R a 




z b 


EW(6.2) C 


f„(7.7) d 


^M7.7) 


f„(FUV) 


L(FUV) 


f(1.4 GHz) f 


L (radio) 


SFRS 


SFRS 
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J2000 for 24 
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UV 
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142646.63+322125.6 


2.1 





268 


0.49 


9.2 


44.81 


11.6 


43.60 


<1 


<39.39 


2.24 


0.34 


<2.32 


155 


SST24 h 


142658.80+333314.0 


>3 





155 


0.51 


16.4 


44.56 






2.6 


39.3 


1.99 




2.23 


156 


SST24' 1 


142659.15+333305.1 


2.1 





151 


0.52 


13 


44.44 


23.8 


43.39 


1.5 


39.04 


1.87 


0.13 


1.97 


157 


SST24' 1 


142732.90+324542.0 


2.9 





370 




1.2 


44.18 


1.5 


43.01 


<1 


<39.68 


1.61 


-0.25 


<2.61 


158 


SST24 h 


142819.51+335150.1 


0.4 





493 


0.63 


4 


44.98 


8.4 


44.01 


<1 


<39.94 


2.41 


0.75 


<2.87 


159 


SST24 11 


142849.79+343240.3 


0.5 





219 


0.53 


16.3 


44.84 


10.0 


43.34 


1.8 


39.46 


2.27 


0.08 


2.39 


160 


SST24' 1 


142919.77+341506.2 


1.3 





424 


0.76 


2.6 


44.65 


9.5 


43.86 


<1 


<39.81 


2.08 


0.60 


<2.74 


161 


SST24' 1 


142935.97+333713.4 


0.8 





424 


0.55 


3.3 


44.76 






<1 


<39.81 


2.19 




<2.74 


162 


SST24' 1 


143000.39+353814.6 


0.6 





243 




7.1 


44.58 


5.2 


43.15 


<1 


<39.30 


2.01 


-0.11 


<2.23 
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No. 


Name 


coordinates 


R a 




z b 


EW(6.2) C 


f„(7.7) d 


i/L„(7.7) 


i„(FUV) c 


L(FUV) 


f(1.4 GHz) f 


L (radio) 


SFR g 


SFRS 


SFRs 






J2000 for 24 /im 


ii 






lira. 


mJy 


ergs s _1 




ergs s _1 


mJy 


ergs s _1 


PAH 


UV 


Radio 


163 


SST24' 1 


143024.46+325616.4 


1.0 





040 


0.58 


22.2 


43.48 


335.0 


43.36 


1.1 


37.75 


0.91 


0.10 


0.68 


164 


SST24 h 


143039.27+352351.0 


0.4 





089 


0.47 


14.4 


44.01 


6.1 


42.32 


2 


38.7 


1.44 


-0.94 


1.63 


165 


SST24 h 


143114.77+334623.0 


2.6 





230 


0.45 


7.6 


44.56 


5.4 


43.12 


<1 


<39.25 


1.99 


-0.14 


<2.18 


166 


SST24 h 


143115.23+324606.2 


0.3 





024 


0.59 


9.8 


42.71 


179.3 


42.65 


<1 


<37.25 


0.14 


-0.61 


<0.18 


167 


SST24 h 


143119.79+353418.1 


0.8 





033 


0.68 


39 


43.58 


42.3 


42.30 


1.7 


37.77 


1.01 


-0.96 


0.7 


168 


SST24 h 


143120.00+343804.2 


0.2 





016 




2.7 


41.76 


209.5 


42.33 


<1 


<36.89 


-0.81 


-0.93 


<-0.18 


169 


SST24 h 


143121.15+353722.0 


>3 





035 




51.9 


43.74 






4 


38.17 


1.17 




1.1 


170 


SST24 h 


143125.46+331349.8 


2.3 





023 


0.77 


15.1 


42.85 


947.8 


43.34 


1.1 


37.26 


0.28 


0.08 


0.19 


171 


SST24 h 


143126.81+344517.9 


2.6 





084 


0.54 


13.7 


43.94 


3.3 


42.00 


<1 


<38.35 


1.37 


-1.26 


<1.28 


172 


SST24 h 


143156.25+333833.3 


0.8 





033 


0.48 


27.8 


43.43 


161.2 


42.87 


1.6 


37.74 


0.86 


-0.39 


0.67 


173 


SST24 h 


143228.36+345838.8 


2.3 





131 


0.37 


5.2 


43.9 


6.6 


42.70 


<1 


<38.75 


1.33 


-0.56 


<1.68 


174 


SST24 h 


143234.90+332832.3 


1.7 





251 




4.2 


44.39 


7.2 


43.33 


2.6 


39.74 


1.82 


0.07 


2.67 


175 


SST24 h 


143326.18+330558.6 


0.8 





243 




4.1 


44.35 


2.9 


42.90 


<1 


<39.30 


1.78 


-0.36 


<2.23 


176 


SST24 h 


143445.32+331346.1 


0.7 





076 


0.41 


7.7 


43.46 


8.2 


42.31 


1.1 


38.29 


0.89 


-0.95 


1.19 


177 


SST24 h 


143453.85+342744.4 


0.8 





340 




1 


44.02 


10.9 


43.78 


<1 


<39.61 


1.45 


0.52 


<2.54 


178 


SST24 h 


143619.14+332917.9 


2.7 





189 


0.75 


4.9 


43.37 


5.0 


42.91 


<1 


<39.07 


0.8 


-0.35 


<2.00 


179 


SST24 h 


143628.12+333358.0 


0.2 





264 


0.40 


7.8 


44.66 


10.5 


43.54 


<1 


<39.38 


2.09 


0.28 


<2.31 


180 


SST24 h 


143632.01+335230.7 


0.7 





088 


0.84 


9.4 


43.82 


53.5 


43.26 


<1 


<38.39 


1.25 


0.00 


<1.32 


181 


SST24 h 


143636.65+345034.0 


0.3 





278 


0.66 


2.4 


44.19 


16.0 


43.76 


<1 


<39.42 


1.62 


0.50 


<2.35 


182 


SST24 h 


143641.26+345824.4 


>3 





029 


0.61 


21.8 


43.21 






<1 


<37.41 


0.64 




<0.34 


183 


CG 0598 k 


145920.6+421610 


1.0 





058 


0.75 


14.6 


41.45 


190.1 


43.43 


<1 


<38.01 


-1.12 


0.17 


<0.95 


184 


CG 0752 k 


153121.3+470124 


0.4 





021 


0.52 


48.7 


41.11 


65.8 


42.09 


4.9 


37.82 


-1.46 


-1.17 


0.75 


185 


SST24J 


160038.84+551018.4 


0.3 





143 


0.42 


9.7 


44.24 


2.2 


42.31 


1.32 


38.94 


1.67 


-0.95 


1.87 


186 


SST24J 


160322.81+544237.6 


0.2 





217 


0.82 


5.3 


44.36 


8.8 


43.28 


<1 


<39.2 


1.79 


0.02 


<2.13 


187 


SST24J 


160341.36+552612.5 


0.1 





145 


0.59 


8.9 


44.22 


4.3 


42.61 


<1 


<38.84 


1.65 


-0.65 


<1.77 


188 


SST24J 


160358.21+555504.9 


1.2 





333 


0.39 


3.9 


44.61 


0.3 


42.27 


<1 


<39.59 


2.04 


-0.99 


<2.52 


189 


SST24J 


160408.22+542531.2 


1.9 





264 


0.54 


7 


44.66 


0.6 


42.29 


<1 


<39.38 


2.09 


-0.97 


<2.31 
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No. 


Name 


coordinates 




R a 




z b 


EW(6.2) C 


f„(7.7) d 


i/L„(7.7) 


i„(FUV) c 


L(FUV) 

ergs s _1 


f(1.4 GHz) f 


L (radio) 


SFRs 


SFRS 


SFRs 






J2000 for 24 




ii 






fim 


mjy 


ergs s _1 


,ujy 


mjy 


ergs s _1 


PAH 


UV 


Radio 


190 


SST24J 


160408.36+545812 


7 





3 





064 


0.52 


20.1 


43.85 


5.4 


41.98 


1.68 


38.34 


1.28 


-1.28 


1.27 


191 


SST24J 


160440.68+553409 


4 





3 





078 


0.43 


15.8 


43.92 


29.6 


42.89 


1.41 


38.43 


1.35 


-0.37 


1.36 


192 


SST24J 


160730.53+554905 


6 





8 





116 


0.65 


7 


43.92 


30.1 


43.25 


<1 


<38.64 


1.35 


-0.01 


<1.57 


193 


SST24J 


160743.12+554416 


3 





5 





118 


0.63 


15.6 


44.28 


13.7 


42.93 


<1 


<38.65 


1.71 


-0.33 


<1.58 


194 


SST24J 


160801.86+555400 


1 


1 


4 





062 


0.90 


6.1 


43.30 


199.1 


43.52 


<1 


<38.08 


0.73 


0.26 


<1.01 


195 


SST24J 


160832.64+552927 








2 





065 


0.59 


8.7 


43.50 


1.9 


41.54 


<1 


<38.12 


0.93 


-1.72 


<1.05 


196 


SST24J 


160839.78+552331 








4 





065 


0.76 


9.7 


43.55 


17.0 


42.49 


<1 


<38.12 


0.98 


-0.77 


<1.05 


197 


SST24J 


160858.44+553010 


5 





4 





068 


0.61 


4 


43.21 


13.6 


42.44 


<1 


<38.16 


0.64 


-0.82 


<1.09 


198 


SST24J 


160858.70+563636 


2 





7 





115 


0.55 


5.2 


43.78 


16.4 


42.98 


<1 


<38.63 


1.21 


-0.28 


<1.56 


199 


SST24J 


160907.60+552428 


3 











640 


0.53 


9.6 


45.60 


8.6 


44.25 


<1 


<40.18 


3.03 


0.99 


<3.11 


200 


SST24J 


160908.34+552241 


2 





2 





086 


0.57 


11.6 


43.87 


6.4 


42.31 


<1 


<38.37 


1.30 


-0.95 


<1.3 


201 


SST24J 


160931.57+541827 


8 





2 





083 


0.41 


7 


43.62 


7.2 


42.34 


0.93 


38.31 


1.05 


-0.92 


1.24 


202 


SST24J 


160937.59+541259 


6 





3 





085 


0.65 


12 


43.88 


7.1 


42.35 


0.79 


38.26 


1.31 


-0.91 


1.19 


203 


SST24J 


161103.78+544322 


4 


1 


4 





063 


0.45 


4.8 


43.21 


34.5 


42.77 


0.45 


37.74 


0.64 


-0.49 


0.67 


204 


SST24J 


161123.53+545158 


5 





2 





076 


0.47 


6 


43.47 


6.4 


42.21 


0.43 


37.89 


0.90 


-1.05 


0.82 


205 


SST24J 


161223.43+540339 


8 


2 








139 


0.57 


7 


44.08 


32.2 


43.45 


0.61 


38.58 


1.51 


0.19 


1.51 


206 


SST24J 


161233.50+545630 


3 





9 





085 


0.40 


7.6 


43.68 


55.6 


43.24 


<1 


<38.36 


1.11 


-0.02 


<1.29 


207 


SST24J 


161241.14+543957 


3 





9 





034 


0.78 


3.6 


42.54 


18.9 


41.97 


<1 


<37.55 


-0.03 


-1.29 


<0.48 


208 


SST24J 


161254.15+545525 


4 





5 





065 


0.45 


14.6 


43.73 


15.0 


42.44 


<1 


<38.12 


1.16 


-0.82 


<1.05 


209 


SST24J 


161301.86+552123 


6 


1 


5 





010 


0.52 


22.7 


42.28 


24.2 


41.01 


<1 


<36.48 


-0.29 


-2.25 


<-0.58 


210 


SST24J 


161403.03+560756 


6 


1 


3 





062 


0.61 


18.2 


43.78 


33.3 


42.74 


<1 


<38.08 


1.21 


-0.52 


<1.01 


211 


SST24J 


161411.61+540554 


4 





6 





305 


0.45 


3.1 


44.43 


4.2 


43.27 


<1 


<39.51 


1.86 


0.01 


<2.44 


212 


SST24J 


161528.12+534402 


1 





5 





125 


0.60 


7.3 


44.00 


35.6 


43.39 


<1 


<38.7 


1.43 


0.13 


<1.63 


213 


SST24J 


161548.38+534551 


2 





2 





149 


0.56 


7.8 


44.19 


27.5 


43.44 


<1 


<38.86 


1.62 


0.18 


<1.79 


214 


SST24J 


161551.52+541536 


1 





9 





215 


0.56 


5.2 


44.35 


6.2 


43.12 


<1 


<39.19 


1.78 


-0.14 


<2.12 


215 


SST24J 


161644.47+533733 


9 





4 





149 


0.52 


11.3 


44.35 


29.2 


43.47 


<1 


<38.86 


1.78 


0.21 


<1.79 


216 


SST24J 


161659.99+560027 


2 





7 





063 


0.41 


16.8 


43.76 


32.3 


42.74 


<1 


<38.1 


1.19 


-0.52 


<1.03 
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No. 


Name 


coordinates 


R a 




z b 


EW(6.2) C 


f„(7.7) d 


i/L„(7.7) 


f„(FUV)° 


L(FUV) 


f(1.4 GHz) f 


L (radio) 


SFRs 


SFR g 


SFRs 






J2000 for 24 


a 








mjy 


ergs s _1 


^Jy 


ergs s _1 


mjy 


ergs s _1 


PAH 


uv 


Radio 


217 


SST24J 


161712.33+551852.7 


0.1 


0. 


.036 


0.39 


2.9 


42.50 


39.9 


42.34 


<1 


<37.6 


-0.07 


-0.92 


<0.53 


218 


SST24J 


161716.59+550920.4 


0.5 


0. 


,085 


0.39 


4.2 


43.42 


4.9 


42.19 


<1 


<38.36 


0.85 


-1.07 


<1.29 


219 


SST24J 


161819.33+541859.6 


1.3 


0. 


.081 


0.39 


16 


43.96 


53.0 


43.18 


1.86 


38.59 


1.39 


-0.08 


1.52 


220 


SST24J 


161823.14+552721.3 


0.3 


0. 


.083 


0.64 


36.3 


44.34 


31.4 


42.98 


2.07 


38.66 


1.77 


-0.28 


1.59 


221 


SST24J 


161827.74+552209.2 


0.7 


0. 


,082 


0.53 


8.5 


43.70 


0.8 


41.37 


<1 


<38.33 


1.13 


-1.89 


<1.26 


222 


SST24J 


161843.39+554433.1 


0.5 


0. 


,156 


0.57 


9.6 


44.32 


29.6 


43.51 


<1 


<38.9 


1.75 


0.25 


<1.83 


223 


SST24J 


161950.56+543715.4 


0.1 


0, 


,144 


0.54 


10.3 


44.28 


5.2 


42.69 


<1 


<38.83 


1.71 


-0.57 


<1.76 


224 


SST24J 


162034.04+542324.0 


1.3 


0. 


,133 


0.48 


6.7 


44.02 


36.4 


43.46 


<1 


<38.76 


1.45 


0.20 


<1.69 


225 


SST24J 


162038.14+553521.6 


0.2 


0. 


,190 


0.57 


9.4 


44.49 


6.8 


43.05 


1.24 


39.17 


1.92 


-0.21 


2.1 


226 


SST24J 


162058.88+542512.8 


2.6 





,082 


0.60 


28.6 


44.22 


75.4 


43.34 


1.11 


38.37 


1.65 


0.08 


1.3 


227 


SST24J 


162059.07+542601.8 


0.7 


0. 


,042 


0.54 


2.7 


42.61 


134.4 


43.01 


<1 


<37.74 


0.04 


-0.25 


<0.67 


228 


SST24J 


162128.00+551452.9 


0.8 


0. 


,099 


0.52 


8.7 


43.87 


14.6 


42.8 


<1 


<38.5 


1.30 


-0.46 


<1.43 


229 


SST24J 


162133.03+551830.1 


0.5 


0. 


,244 


0.37 


2.9 


44.21 


5.2 


43.16 


<1 


<39.3 


1.64 


-0.10 


<2.24 


230 


SST24J 


162150.86+553009.4 


0.8 


0. 


,098 


0.69 


11.3 


43.97 


65.2 


43.44 


<1 


<38.49 


1.40 


0.18 


<1.42 


231 


SST24J 


162210.98+550253.5 


1.1 


0. 


,030 


0.42 


31.4 


43.38 


3.7 


41.15 


3.3 


37.96 


0.81 


-2.11 


0.89 


232 


SST24J 


162214.76+550614.6 


0.9 


0. 


,238 


0.45 


7.4 


44.59 


16.8 


43.65 


<1 


<39.28 


2.02 


0.39 


<2.21 


233 


SST24J 


162313.17+551111.9 


>3 


0, 


,235 


0.59 


11.5 


44.77 






<1 


<39.27 


2.20 




<2.2 


234 


SST24J 


163001.55+410953.3 


0.8 


0. 


,123 


0.58 


7.5 


44.00 


1.1 


41.87 


<1 


<38.69 


1.43 


-1.39 


<1.62 


235 


SST24J 


163220.42+402334.5 


1.0 


0, 


,079 


0.42 


9.4 


43.70 


15.3 


42.62 


<1 


<38.3 


1.13 


-0.64 


<1.23 


236 


SST24J 


163310.94+405642.2 


1.6 





,136 


0.43 


4.2 


43.84 


7.5 


42.8 


<1 


<38.78 


1.27 


-0.46 


<1.71 


237 


SST24J 


163335.92+401530.1 


1.8 


0, 


,028 


0.63 


15.6 


43.01 


54.5 


42.26 


<1 


<37.38 


0.44 


-1.00 


<0.31 


238 


SST24J 


163359.13+405305.0 


1.0 


0. 


,031 


0.58 


15 


43.08 


13.7 


41.75 


0.63 


37.27 


0.51 


-1.51 


0.2 


239 


SST24J 


163401.84+412052.3 


0.5 


0. 


,028 


0.57 


24 


43.20 


154.9 


42.71 


1.83 


37.65 


0.63 


-0.55 


0.58 


240 


SST24J 


163506.08+411038.2 


0.8 


0. 


,078 


0.52 


14.8 


43.89 


1.1 


41.46 


0.89 


38.23 


1.32 


-1.80 


1.16 


241 


Mrk 1499 k 


163521.1+521253 




0. 


.009 


0.83 


10.2 


39.63 






1.5 


36.59 


-2.94 




-0.48 


242 


SST24J 


163546.91+403903.3 


0.2 


0, 


,122 


0.77 


10.6 


44.14 


25.6 


43.23 


<1 


<38.68 


1.57 


-0.03 


<1.61 


243 


SST24J 


163608.15+410507.8 


0.7 


0. 


,167 


0.41 


14.6 


44.56 


10.5 


43.12 


2.94 


39.43 


1.99 


-0.14 


2.36 
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No. 


Name 


coordinates 




R a 




z b 


EW(6.2) C 


f„(7.7) d 


i/L„(7.7) 


i„(FUV) c 


L(FUV) 
ergs s _1 


f(1.4 GHz) f 


L(radio) 


SFR g 


SFRs 


SFR« 






J2000 for 24 




ii 






fim 


mjy 


ergs s _1 


,ujy 


mjy 


ergs s" 1 


PAH 


UV 


Radio 


244 


SST24J 


163705.34+413156 


.0 


0.3 





.120 


0.65 


15.8 


44.30 


19.5 


43.1 


0.99 


38.66 


1.73 


-0.16 


1.59 


245 


SST24J 


163715.60+414934 


.2 


0.4 





.122 


0.52 


5.8 


43.88 


4.6 


42.49 


<1 


<38.68 


1.31 


-0.77 


<1.61 


246 


SST24J 


163729.31+405248 


.3 


0.3 





.027 


0.41 


19.2 


43.07 


11.5 


41.55 


1.52 


37.53 


0.50 


-1.71 


0.46 


247 


SST24J 


163751.28+401439 


.6 


0.3 





.071 


0.66 


13.9 


43.78 


34.5 


42.88 


<1 


<38.2 


1.21 


-0.38 


<1.13 


248 


SST24J 


163751.95+401503 


.6 


0.8 





.072 


0.69 


12.4 


43.74 


5.9 


42.12 


<1 


<38.21 


1.17 


-1.14 


<1.14 


249 


SST24J 


163805.89+413508. 


.3 


0.4 





.118 


0.44 


4.5 


43.74 


30.4 


43.27 


<1 


<38.65 


1.17 


0.01 


<1.58 


250 


SST24J 


163808.55+403214 


.2 


1.3 





.225 


0.46 


9.2 


44.63 


3.4 


42.91 


<1 


<39.23 


2.06 


-0.35 


<2.16 


251 


SST24J 


163809.68+402844 


.4 


0.7 





.070 


0.57 


6.3 


43.43 


16.9 


42.56 


<1 


<38.19 


0.86 


-0.70 


<1.12 


252 


SST24J 


163906.20+404003 


.7 


0.2 





.035 


0.63 


7.4 


42.89 


40.7 


42.33 


<1 


<37.58 


0.32 


-0.93 


<0.51 


253 


SST24J 


164043.74+413309 


.8 


0.3 





.153 


0.59 


7 


44.17 


12.0 


43.1 


<1 


<38.88 


1.60 


-0.16 


<1.82 


254 


SST24J 


164115.40+410320 


.8 


1.8 





.136 


0.58 


10.7 


44.25 


17.9 


43.17 


1.53 


38.96 


1.68 


-0.09 


1.89 


255 


SST24J 


164211.93+410816 


.4 


1.0 





.143 


0.51 


9 


44.22 


4.8 


42.65 


<1 


<38.82 


1.65 


-0.61 


<1.75 


256 


SST24J 


171233.85+594026 


.2 


0.2 





.217 


0.89 


5.1 


44.34 


23.3 


43.7 


0.44 


38.84 


1.77 


0.44 


1.77 


257 


SST24 h 


171239.64+584148 


.3 


0.3 





.166 


0.86 


11.5 


44.45 


35.8 


43.65 


1 


38.98 


1.88 


0.39 


1.91 


258 


SST24' 1 


171308.57+601621 


.0 


0.9 





.334 


0.66 


5.2 


44.74 


13.5 


43.86 


0.6 


39.38 


2.17 


0.60 


2.31 


259 


SST24J 


171316.55+583235 


.5 


0.8 





.080 


0.52 


9.5 


43.72 


9.7 


42.43 


0.71 


38.15 


1.15 


-0.83 


1.08 


260 


SST24J 


171414.89+585221 


.9 


0.7 





.166 


0.59 


7.1 


44.24 


1.4 


42.24 


0.33 


38.48 


1.67 


-1.02 


1.41 


261 


SST24J 


171446.54+593400 


.3 


0.8 





.130 


0.62 


14.7 


44.34 


3.3 


42.4 


1.06 


38.76 


1.77 


-0.86 


1.69 


262 


SST24J 


171447.38+583805 


.9 


>3 





.258 


0.55 


6.7 


44.62 






0.56 


39.11 


2.05 




2.04 


263 


SST24 11 


171447.76+593509 


.6 


1.5 





.204 


0.75 


6.1 


44.36 


24.8 


43.68 


0.5 


38.88 


1.79 


0.42 


1.81 


264 


SST24J 


171513.93+594639 


.2 


0.7 





.247 


0.37 


4.1 


44.37 


19.4 


43.74 


0.42 


38.94 


1.80 


0.48 


1.87 


265 


SST24' 1 


171542.00+591657 


.4 


0.5 





.119 


0.54 


12 


44.17 


6.6 


42.62 


1.5 


38.83 


1.6 


-0.64 


1.76 


266 


SST24 h 


171555.23+601348 


.0 


1.6 





.430 


0.30 


2.5 


44.65 


1.5 


43.13 


0.3 


39.36 


2.08 


-0.13 


2.29 


267 


SST24 h 


171607.21+591456 


.3 


0.5 





.054 


0.61 


15.5 


43.59 


83.0 


43.02 


0.8 


37.88 


1.02 


-0.24 


0.81 


268 


SST24J 


171614.52+595423. 


.4 


0.4 





.153 


0.58 


10.4 


44.34 


9.4 


43 


0.84 


38.81 


1.77 


-0.26 


1.74 


269 


SST24J 


171630.27+601422 


.5 


0.6 





.107 


0.63 


6.3 


43.80 


20.9 


43.02 


0.39 


38.15 


1.23 


-0.24 


1.08 


270 


SST24 h 


171634.03+601443 


.6 


1.3 





.106 


0.93 


5.1 


43.7 


68.9 


43.53 


0.6 


38.35 


1.13 


0.27 


1.28 



Table 1 — Continued 



No. 


Name 


coordinates 




R a 




z b 


EW(6.2) C 


f„(7.7) d 


i/L„(7.7) 


f„(FUV) c 


L(FUV) 

ergs s _1 


f(1.4 GHz) f 


L (radio) 


SFR« 


SFRs 


SFRs 






J2000 for 24 /im 




ii 






fim 


mjy 


ergs s _1 




mjy 


ergs s _1 


PAH 


UV 


Radio 


271 


SST24 h 


171641.09+591857. 


.2 


0.6 


0. 


,057 


0.71 


10.5 


43.46 


54.1 


42.88 


0.7 


37.82 


0.89 


-0.38 


0.75 


272 


SST24J 


171711.17+602709. 


.4 


0.7 


0. 


,110 


0.53 


6.8 


43.86 


1.3 


41.86 


0.43 


38.22 


1.29 


-1.40 


1.15 


273 


SST24J 


171933.40+592743. 


.2 


1.0 


0. 


,142 


0.45 


9.1 


44.21 


2.4 


42.34 


1.13 


38.87 


1.64 


-0.92 


1.8 


274 


SST24J 


171944.93+595708. 


.1 


0.1 


0. 


,068 


0.60 


17.5 


43.84 


21.7 


42.64 


1.32 


38.29 


1.27 


-0.62 


1.22 


275 


SST24 h 


172025.19+591503. 


.5 


0.8 


0. 


,303 


0.69 


4.7 


44.6 


8.7 


43.58 


0.4 


39.11 


2.03 


0.32 


2.04 


276 


SST24J 


172043.33+584026. 


.5 


0.4 


0, 


,125 


0.54 


9.7 


44.13 


5.7 


42.6 


0.85 


38.63 


1.56 


-0.66 


1.56 


277 


SST24J 


172159.50+595034. 


.8 


1.6 


0, 


,028 


0.56 


13.8 


42.96 


17.1 


41.76 


0.85 


37.31 


0.39 


-1.50 


0.24 


278 


SST24 h 


172220.27+590949. 


.7 


2.5 


0, 


,180 


0.70 


6.4 


44.27 


10.7 


43.20 


1.2 


39.11 


1.7 


-0.06 


2.04 


279 


SST24J 


172313.15+590533. 


.8 


0.9 


0. 


,107 


0.83 


8.3 


43.92 


36.7 


43.27 


0.64 


38.37 


1.35 


0.01 


1.3 


280 


SST24 h 


172348.13+590154. 


.5 


0.1 


0. 


,318 


0.51 


3.6 


44.53 


1.8 


42.93 


0.3 


39.02 


1.96 


-0.33 


1.95 


281 


SST24J 


172355.65+601302. 


.0 


1.6 


0, 


,175 


0.66 


8 


44.35 


40.8 


43.75 


0.81 


38.91 


1.78 


0.49 


1.84 


282 


SST24J 


172356.10+594047. 


.8 


0.8 


0, 


,284 


0.47 


3.1 


44.37 


17.0 


43.81 


0.2 


38.75 


1.80 


0.55 


1.68 


283 


SST24 h 


172400.61+590228. 


.2 


0.6 


0. 


,179 


0.44 


6.2 


44.25 


6.7 


42.99 


1.5 


39.19 


1.68 


-0.27 


2.12 


284 


SST24J 


172402.14+600601. 


.5 


2.3 


0. 


,155 


0.45 


6 


44.11 


22.4 


43.38 


0.59 


38.66 


1.54 


0.12 


1.59 


285 


SST24J 


172546.84+593655. 


.5 


0.6 


0. 


,035 


0.50 


26.1 


43.43 


172.3 


42.95 


1.95 


37.87 


0.86 


-0.31 


0.8 


286 


SST24J 


172551.44+601139. 


.4 


>3 


0. 


,029 


0.44 


25.2 


43.25 






1.03 


37.43 


0.68 




0.36 


287 


SST24 h 


172611.96+592851. 


.8 


0.2 


0. 


,073 


0.56 


13 


43.78 


15.5 


42.55 


1 


38.21 


1.21 


-0.71 


1.14 



a Distance in arcsec between coordinate of 24 /im Spitzer source and coordinate of FUV GALEX source; coordinates listed arc for 24 ^im source. No 
entry means that the source was not included in any GALEX observation. 

b Redshift from PAH features in IRS spectrum. 

c Rest frame equivalent width of 6.2 /im PAH feature fit with single gaussian on a linear continuum within rest wavelength range 5.5 ^m to 6.9 fim. 
d Flux density at peak of 7.7 /im PAH feature. 

c Flux density at rest frame 153 nm interpolated with a power law between flux densities in the GALEX catalog measured with the FUV filter (134-179 



nm) and the NUV filter (177-283 nm). 

f Flux density at rest frame 1.4 Ghz observed with the VLA, usually within the FIRST survey, corrected from observed frame to rest frame 1.4 GHz by 
assuming a power law spectrum of index a — -0.7. 

g Values listed in table entries arc log SFR. Luminosities listed are log vh v . Star formation rates log [SFR(PAH)] = log [uh u (7.7 /Um)] - 42.57 for vh v {7.7 
fim) the luminosity at the peak of the 7.7 fim feature in ergs s _1 and SFR in M Q yr -1 ; log [SFR(UV)] = log [^L„(FUV)] - 43.26 for i/L„(FUV) in ergs 
s- 1 and SFR in M Q yr" 1 ; log [SFR(radio)] = log [uL v (lA Ghz)] - 37.07 for z/L„(1.4 Ghz) in ergs s" 1 and SFR in M yr'^log [uL^Lq)} = log [^(ergs 
s -1 )] - 33.59). Luminosity calculations use luminosity distances from E.L. Wright, http://www.astro.ucla.edu/~wright/CosmoCalc.htmll! for Ho = 71 
kms^Mpc" 1 , D, M =0.27 and fl A =0.73. 



h SST24 name derives from discovery at 24 /jm with Spitzer Space Telescope surveys; source taken from summary in lWeedman and Houckl (|2008l ) where 
original discovery references are given. 

'Source taken from Spitzer Legacy program 30742 (D. Schiminovich, P.I.) for sources within the SWIRE Lockman Hole Field that also have measured 
fluxes from GALEX. 

J Source taken from Spitzer Legacy program 40539 (G. Helou, P.I.), a flux limited sample from various Spitzer survey fields of sources with f„(24 pm) 
> 5 mjy 

k Blue Compact Dwarf from lWu etaD |2006h . 



Table 2. Infrared and Ultraviolet Star Formation Rates for Markarian Starburst Galaxies 



Name 


coordinates 


z a f„(25 Mm) b 


f„(FUV) c i/L„(FUV) 


log[i/L„(7.7 Hl d 


SFR(PAH) C SFR(UV) 




J2000 


mJy 


/zJy ergs s _1 Hz -1 


ergs s _1 


logM Q yr" 1 logM yr" 1 



1 


Mrk 13 


075614 


20+601 81 5 


.0 


0. 


,0046 


< 65 


476.9 


41 


.62 


<41.64 


<-0.93 


-1.64 


2 


Mrk 14 


081059 


30+724740 


.0 


0. 


.0081 


151 


883.5 


42 


,39 


42.51 


-0.06 


-0.87 


3 


Mrk 21 

XVJ.X XV ilj J_ 


094830 


80+57581 5 


.0 


0. 


,0281 


109 


304.5 


43 


.01 


43.45 


0.88 


-0.25 


4 


Mrk 25 

IV J. X XV Zj (J 


1 00351 


80+592610 


,0 


0. 


.0100 


251 


817.4 


42. 


.53 


42.91 


0.34 


-0.73 


5 


Mrk 31 

XV.LXXV Ol 


101942 


80+572524 




n 


0260 


< 65 


1 35 4 


42 


59 


<r43 1 6 

\ It) . _1_ U 


<r0 59 


-0 67 


6 


Mrk 44 


1 20324 


50+384848 


,0 


0. 


,0227 


< 65 


122 


42 


.43 


<43.04 


<0.47 


-0.83 


7 


Mrk 52 

XV J. X XV tj Zj 


1 22542 


80+003422 


,0 


0. 


0071 


1050 


2311.2 


42 


.69 


43.24 


0.67 


-0.57 


8 


Mrk 87 

XVJ.X XV (J 1 


082140 


30+735918 


.0 


0. 


,0094 


118 


187.2 


41 


.84 


42.53 


-0.04 


-1.42 


9 


Mrk 90 

1VX1 XV \J \_) 


083000 


00+524150 


,0 


0. 


,0142 


156 


193.9 


42 


.22 


43.01 


0.44 


-1.04 


10 


Mrk 93 

1VX1 XV - 7 T t 


083642 


30+661359 


.0 


0. 


,0177 


467 


146.6 


42 


.28 


43.68 


1.11 


-0.98 


11 


Mrk 105 

1VX1 XV X 


092026 

\j *J i-i \J i-i \J 


30+712416 


.0 


0. 


.0118 


< 65 


119.8 


41 


.84 


<42.47 


<-0.1 


-1.42 


12 


Mrk 140 

1VX1 XV X_t:W 


101628 

X VJ X UiJU ■ 


20+451918 

. Lj\J I X xu. 


.0 


0. 


,0055 


< 65 


737.5 


41 


.97 


<41.81 


<-0.76 


-1.29 


13 


Mrk 149 

XV XX XV X_ttC/ 


1 03801 


fiO+641 559 


,0 


0. 


,0057 


194 


163.3 


41 


.34 


42.31 


-0.26 


-1.92 


14 


Mrk 161 

XVXX XV X U X 


110159 


00+451 341 


,0 


0. 


.0200 


400 


681 


43 


.06 


43.72 


1.15 


-0.20 


10 


1V1IK 100 


1 1 1 S^tfi 
1 1 loou 


.OUtUoIOOU. 


n 
. u 


n 

u. 


.UlUO 


< 00 


78 ^ 

1 OO 


AO 


^.8 
.Oo 


^-X9 "}Q 


✓ n is 


-U.OO 


16 


Mrk 168 


112546 


.80+470000. 


.0 


0. 


.0342 


< 65 


157.6 


42 


.89 


<43.4 


<0.83 


-0.37 


17 


Mrk 185 


114116 


.60+474127. 


,0 


0. 


,0104 


173 


62.7 


41 


.45 


42.78 


0.21 


-1.81 


18 


Mrk 190 


115147 


.60+484059. 


.0 


0. 


,0033 


391 


2060.9 


41 


.97 


42.14 


-0.43 


-1.29 


19 


Mrk 193 


115528 


.30+573952. 


,0 


0. 


,0172 


103 


331.7 


42 


.62 


43.00 


0.43 


-0.64 


20 


Mrk 203 


121812 


.80+441024. 


,0 


0. 


,0246 


< 65 


784.6 


43 


.30 


<43.11 


<0.54 


0.04 


21 


Mrk 206 


122417 


.00+672624. 


.0 


0. 


,0044 


221 


244.2 


41 


.29 


42.14 


-0.43 


-1.97 


22 


Mrk 282 


140207 


.20+692859. 


.0 


0. 


.0202 


< 65 


420.8 


42 


.86 


<42.94 


<0.37 


-0.40 


23 


Mrk 286 


141926 


.70+713518. 


.0 


0. 


,0253 


704 


1223.6 


43 


.52 


44.17 


1.6 


0.26 


24 


Mrk 307 


223556 


.30+201920. 


,0 


0. 


,0185 


189 


1403 


43 


.31 


43.33 


0.76 


0.05 


25 


Mrk 316 


231340 


.50+140116. 


.0 


0. 


,0409 


< 65 


439.4 


43 


.50 


<43.56 


<0.99 


0.24 


26 


Mrk 319 


231838 


.30+251358. 


,0 


0. 


,0270 


542 


330.9 


43 


.01 


44.11 


1.54 


-0.25 


27 


Mrk 326 


232806 


.20+233153. 


.0 


0. 


.0119 


715 


506.7 


42 


.48 


43.51 


0.94 


-0.78 



Table 2 — Continued 



Name 


coordinates 


z a f„(25 Lim) h 


i„(FUV) c ^L„(FUV) 


log[^L 1/ (7.7 A1 m)] d 


SFR(PAH) C SFR(UV) 




J2000 


mjy 


/iJy ergs s _1 Hz -1 


ergs s _1 


logM Q yr" 1 logM Q yr" 1 



28 


Mrk 


353 


010316 40+222034 


o 


.0156 


574 


265.5 


42 


.43 


43.66 


1.09 


-0.83 


29 


Mrk 


357 


01 2240 60+231 01 5 

\J _1_ Lj ZjTiU . \J VJ | Lj rj _1_ \J _1_ tj . VJ 





.0529 


< 65 


1164.7 


44 


,15 


<43.78 


<1.21 


0.89 




Mrk 


363 


015058 50+21 5951 

\J J-OVJOO . OVJ Li ± OiJO -L . VJ 


n 


0098 


970 

1 VJ 


779 3 


42 


50 

■ 'J\J 


49 93 


36 


-0 76 

VJ . 1 u 


31 


Mrk 


369 


023728 20+210831 


o 


.0136 


< 65 


486.5 


42 


.58 


<42.59 


<0.02 


-0.68 


32 


Mrk 


373 


065435 10+502109 

\J\J yiO U . -L VJ \ tj\J £i A-\J U .VJ 


o 


.0197 


316 


179.3 


42 


.47 


43.60 


1.03 


-0.79 


33 


Mrk 


391 


085446 30+393219 


o 


.0133 


145 


284.5 


42 


.32 


42.92 


0.35 


-0.94 


34 


Mrk 


401 


093017 00+293224 





.0057 


562 


1224.8 


42 


.22 


42.77 


0.2 


-1.04 


35 


Mrk 


409 


094941 20+321316 





.0051 


< 65 


697.9 


41 


.88 


<41.74 


<-0.83 


-1.38 


36 


Mrk 


412 


095759 70+321422 


o 


.0150 


< 65 


854.6 


42 


.91 


<42.68 


<0.11 


-0.35 


37 


Mrk 


413 


095915 90+314200 





.0386 


< 65 


132.3 


42 


.92 


<43.5 


<0.93 


-0.34 


38 


Mrk 


420 


1 10340 30+375546 


o 


.0430 


< 65 


429.8 


43 


.53 


<43.6 


<1.03 


0.27 


39 


Mrk 


439 


122436 20+392259 





.0035 


707 


3756.1 


42 


.28 


42.45 


-0.12 


-0.98 


40 


Mrk 


446 


1 25008 70+330933 





.0237 


288 


715 


43 


.23 


43.72 


1.15 


-0.03 


41 


Mrk 


465 


140124 00+364800 


o 


.0090 


90 


650.2 


42 


.35 


42.38 


-0.19 


-0.91 


49 

4zZ 


MrV 

1V1I iv 


4sn 




n 

u. 






^99 Q 


49 


■ OO 


43 39 


U. ( O 


n 41 


43 


Mrk 


489 


154421.50+410511.0 





.0317 


< 65 


972.2 


43 


.62 


<43.33 


<0.76 


0.36 


44 


Mrk 


496 


161140.70+522724.0 





.0293 


1113 


1158.8 


43 


.63 


44.50 


1.93 


0.37 


45 


Mrk 


529 


231422.20-024341.0 





.0118 


228 


580.3 


42 


.53 


43.02 


0.45 


-0.73 


46 


Mrk 


538 


233614.10+020919.0 





.0093 


2850 


4189.8 


43 


.18 


43.91 


1.34 


-0.08 


47 


Mrk 


545 


000953.40+255526.0 





.0152 


1082 


966.3 


42 


.97 


43.91 


1.34 


-0.29 


48 


Mrk 


575 


014833.10+123650.0 





.0183 


491 


108.1 


42 


.18 


43.73 


1.16 


-1.08 


49 


Mrk 


602 


025950.60+024617.0 





.0095 


625 


157.2 


41 


.77 


43.26 


0.69 


-1.49 


50 


Mrk 


638 


114137.90+375931.0 





.0222 


145 


392.7 


42 


.91 


43.37 


0.8 


-0.35 


51 


Mrk 


684 


143104.80+281714.0 





.0461 


129 


1647.1 


44 


.18 


43.96 


1.39 


0.92 


52 


Mrk 


708 


094211.50+044023.0 





.0068 


765 


76.9 


41 


.17 


43.06 


0.49 


-2.09 


53 


Mrk 


710 


095449.50+091616.0 





.0049 


426 


1251.9 


42 


.09 


42.51 


-0.06 


-1.17 


54 


Mrk 


711 


095511.30+132546.0 





.0192 


397 


156 


42 


.38 


43.68 


1.11 


-0.88 



Table 2 — Continued 





Name 


coordinates 




z a 


f„(25 /im) b 


f,(FUV) c 


i/L„(FUV) 


log[i/L„(7.7 H] d 


SFR(PAH) C 


SFR(UV) 








J2000 






mJy 


^Jy 


ergs s _1 Hz -1 


ergs s _1 


logM yr" 1 


logM© yr~ x 


55 


Mrk 


717 


101040.30+242451.0 





0212 


765 


217.2 


42.62 


44.05 


1.48 


-0.64 


5G 


TV J 1 

Mrk 


719 


101559.90+045717.0 





0320 


< 65 


498.3 


43.34 


<43.34 


<0.77 


0.08 


57 


TV /r l 

Mrk 


TOO 

732 


111349.70+093511.0 





0292 


< 65 


415 


43.18 


<43.26 


<0.69 


-0.08 


58 


Mrk 


743 


113813.00+120643.0 





0033 


180 


2982.4 


42.13 


41.80 


-0.77 


-1.13 


59 


TV /T— 1 ~ 

Mrk 


7oz 


115243.40+014427.0 





0204 


260 


989.8 


43.24 


43.55 


0.98 


-0.02 


GO 


tv /r l 

Mrk 


759 


121037.50+160159.0 





0072 


537 


4418 


42.99 


42.96 


0.39 


-0.27 


61 


Mrk 


764 


121600.00+124114.0 





0661 


< 65 


242.1 


43.66 


<43.98 


<1.41 


0.40 


G2 


Mrk 


769 


122525.50+162812.0 





0057 


1048 


5770.3 


42.90 


43.04 


0.47 


-0.36 


63 


Mrk 


781 


125350.80+094236.0 





0094 


< 65 


465.5 


42.24 


<42.28 


<-0.29 


-1.02 


G4 


Mrk 


789 


133224.20+110623.0 





0315 


618 


451.5 


43.28 


44.30 


1.73 


0.02 


65 


Mrk 


809 


142233.30+134302.0 





0256 


211 


332.7 


42.95 


43.64 


1.07 


-0.31 


66 


Mrk 


863 


155625.90+090319.0 





0423 


2442 


340.6 


43.42 


45.16 


2.59 


0.16 


G7 


Mrk 


897 


210745.80+035240.0 





0263 


< 65 


249.3 


42.86 


<43.17 


<0.6 


-0.40 


68 


Mrk 


912 


00001 r* r\r\ aotoa^ f\ 

222815.00-025304.0 





0166 


165 


81.3 


41.97 


43.17 


0.6 


-1.29 


69 


Mrk 


921 


224830.70+314652.0 





0128 


< 65 


379.3 


42.42 


<42.54 


<-0.03 


-0.84 


70 


Mrk 


1002 


013717.50+055240.0 





0106 


787 


653.6 


42.49 
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0.89 


-0.77 
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Mrk 1012 


015657.80-052410.0 
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-0.87 


72 


Mrk 1158 


013459.30+350222.0 
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<42.05 


<-0.52 


-0.53 
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Mrk 1301 


113550.00+352007.0 
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41.33 


<41.78 


<-0.79 


-1.93 


75 
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115412.30+000812.0 





0038 


205 
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42.03 


41.99 


-0.58 


-1.23 


7G 


Mrk 1379 


141740.20-072503.0 





0086 
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2117.7 


42.83 


43.31 


0.74 


-0.43 



a Optical redshift from iBalzanol |l983l ). 

b Flux density f„(25 /mi) from IRAS Faint Source Catalog. 



c Flux density at rest frame 153 nm interpolated with a power law between flux densities in the GALEX catalog measured with the FUV 
filter (134-179 nm) and the NUV filter (177-283 nm). 

d v L„(7.7 nm) derived by transf orming { v (25 fim) to f„(7.7 /im) using average infrared spectra for sources with 42 < log [vL v (15 /im)] < 
44 in lWeedman and Houckl (j2009h . for which f„(25 (im)/f v (7.7 fim) = 2.6±1.2. 

c Star formation rates log [SFR(PAH)] = log \vL v {7 .7 fim)] - 42.57 for i/L u (7.7 /im) the luminosity at the peak of the 7.7 
^m feature in ergs s" 1 and SFR in M yr" 1 ; log [SFR(UV)] = log [i/L„(FUV)] - 43.26 for vL u (FXJV) in ergs s" 1 and SFR 
in Mq yr _1 (log [^L l/ (L Q )] = log [^L„(ergs s -1 )] - 33.59). Luminosity calculations use luminosity distances from E.L. Wright, 



http://www.astro.ucla.edu/~wright/CosmoCalc.html for H = 71 kms 1 Mpc 1 , Qm=0.27 and f2A=0.73. 
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Fig. 1. — Coordinate differences between GALEX and Spitzer positions for sources in Table 
1, shown as function of f^(7.7/im) to illustrate that measured positional differences do not 
depend on brightness. Crosses are measured differences; triangles are sources with differences 
> 3"; diamonds are BCD sources without PAH features. Median difference is 0.64". 
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Fi g. 2. — Overplots of Spitzer IRS spectra for all 25 sources in the Spitzer 10 mJy sample 
of IWeedman and Houckl (120081 ) which have SDSS classifications as starburst (HII for SDSS 
classification, instead of any AGN classification). All spectra are normalized to f„(7.7//m) = 
1 mJy; uniformity of the PAH features among starbursts is illustrated by the small scatter in 
PAH strengths. Primary spectroscopic differences are among the slopes of the dust contin- 
uum underlying PAH features; representative fit to dust continuum shown by diagonal solid 
line. Strong PAH emission feature at 7.7 /im is feature used in text to measure SFR(PAH) 
using z/L„(7.7 fxm). 
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Fig. 3A. — Comparison of SFR(radio) measured from radio 1.4 GHz continuum luminosity 
to SFR(PAH) from 7.7 /mi PAH luminosity for all sources with radio detections in Table 
1 (asterisks are BCDs). Horizontal line is the median value of 0.0, indicating no offset in 
SFR(PAH) compared to SFR(radio). vh v {7 .7 /im) is the luminosity at the peak of the 
7.7 jum feature in ergs s -1 (log [uL v {7.7 /xm)(L )] = log [i/L„(7.7 //m)(ergs s -1 )] - 33.59). 
SFR(radio) determined from log [SFR(radio)] = log [uL„(lA Ghz)] - 37.07 for uL v (lA Ghz) 
in ergs s -1 and SFR(radio) in M Q yr -1 . SFR(PAH) determined from log [SFR(PAH)] = log 
[iaL„(7.7 jKm)] - 42.57. Error cross in lower right hand corner shows la uncertainties in both 
directions; uncertainty for SFR(PAH) arises from uncertainty in determining transformation 
from uL u (7.7 /jm) to the total Lj r which determines SFR; uncertainty in luminosity arises 
from ~ 10% uncertainty in measurement of i u (7.7 fjm). (Using empirically determined 
transformation between vL v (J.7 fjm) and total infrared luminosity L ir , log L ir = log z/L^(7.7 
jum) - 32.80±0.2 for L ir in L and vh v {7 H fim) in ergs s _1 .) 
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Fig. 3B. — Comparison of limits on SFR(radio) measured from radio 1.4 GHz continuum 
luminosity to SFR(PAH) from 7.7 fim PAH luminosity for all sources without radio detections 
in Table 1 using 1 mJy as the limit for i„(lA Ghz) (asterisk is a BCD). Limit is in the sense 
that SFR(PAH)/SFR(radio) is actually greater than the limit plotted. Horizontal line is the 
median of 0.0 for the detected sources in Figure 3A; as expected, the median for limits is 
less than 0.0. 
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Fig. 4. — Comparison of SFR(UV) measured from ultraviolet continuum luminosity to 
SFR(PAH) from infrared PAH luminosity for sources in Table 1 (asterisks are BCDs). Ul- 
traviolet SFR determined from log [SFR(UV)] = log [i/L„(FUV)] - 43.26 for i/L„(FUV) in 
ergs s" 1 and SFR(UV) in M yr" 1 . SFR(PAH) determined from log [SFR(PAH)] = log 
[z/Lv(7.7 fjm)] - 42.57. SFR(PAH) exceeds SFR(UV), as would expected for extinction by 
dust of the ultraviolet continuum; median value of ratio log [SFR(PAH)/SFR(UV)] = 1.67, 
indicating that only 2% of the ultraviolet continuum typically escapes a starburst; ratio in- 
creases with infrared PAH luminosity according to the linear fit which is shown, of form log 
[SFR(PAH)/SFR(UV)]= (0.53±0.05)log [i/L„(7.7 /an)] - 21.49±0.18. Error cross in lower 
right hand corner shows la uncertainties in both directions; uncertainty for SFR(PAH) arises 
from uncertainty in determining transformation from uL u (7.7 fjm) to the total L ir which de- 
termines SFR; uncertainty in luminosity arises from ~ 10% uncertainty in measurement of 
fj/(7.7 fjm). (Using empirically determined transformation between uL v (7.7 fjm) and total 
infrared luminosity L ir , log L ir = log iaL„(7.7 fjm) - 32.80±0.2 for L ir in L and ^L„(7.7 fim) 
in ergs s -1 .) 
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Fig. 5. — Fraction of intrinsic ultraviolet luminosity from starbursts which emerges without 
being absorbed by dust, defined in text as L uv /L uv ( star burst). Solid curve shows fraction 
as measured by SFR(UV)/[SFR(PAH) + SFR(UV)] from equation (2); vertica l bars show 



± la range of values using L uv /(L ir + L uv ) for ultraviolet-selected galaxies in iBuat et al. 
( 120071 ) . Zero value corresponds to source without any dust extinction. 
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Fig. 6. — Comparison of SFR(UV) measured from ultraviolet continuum luminosity to 
SFR(PAH) from infrared PAH luminosity for Markarian galaxies in Table 2, using same 
relations for SFR(UV) and SFR(PAH) as in Figure 4. Markarian galaxies have fj,(25 /xm) 
observed by IRAS, which is transformed to f„(7.7 /xm) using aver a ge inf rared spectra for 
sources with 42 < log [z/L„(15 /xm)] < 44 in IWeedman and Houckl (120091 ). for which f„(25 
/xm)/f„(7.7 /xm) = 2.6±1.2. Error cross in lower right hand corner shows la uncertainties in 
both directions; uncertainty for SFR(PAH) arises from uncertainty in determining transfor- 
mation from uh v (7.7 /xm) to the total Lj r which determines SFR combined with uncertainty 
in assumed ratio f u (25 /xm)/f„(7.7 /xm); uncertainty in luminosity arises from uncertainty 
in ratio of fj,(25 /xm)/f I/ (7.7 /xm). Diamonds correspond to upper limits in ratio for sources 
detected by GALEX but not by IRAS with IRAS limit taken as 65 mJy; limit is in the 
sense that SFR(PAH)/SFR(UV) is smaller than limit shown. Linear fit shown has form 
log [SFR(PAH)/SFR(UV)]= (0.38±0.08)log vL v {7.7 /xm) - 15.27±0.25. (Using empirically 
determined transformation between vL v (7.7 /xm) and total infrared luminosity L ir , log L ir 
= log uL u (7.7 /xm) - 32.80±0.2 for L ir in L and i>L u (7.7 /xm) in ergs s _1 .) 



